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ABSTRACT 
A l l  1977 yea r  c l a s s  l a r v a l  s t a g e s ,  except  f i f t h  zoeae, 
occurred i n  t h e  s tudy  a rea .  C a l i f o r n i a  Cooperative Oceanic 
F i s h e r i e s  I n v e s t i g a t i o n s  (CalCOFI) plankton samples of  February 
1950, taken 67 and 111 mi le s  o f f  San Franc isco ,  contained f i f t h  
s t a g e  zoeae and megalopae. Kegalopae and e a r l y  p o s t - l a r v a l  forms 
were found in shore  and i n  t h e  San Francisco-San Pablo Bay complex 
i n  t h e  s p r i n g .  The zoeae d r i f t e d  o f f sho re  and l a t e r  appeared i n -  
sho re  o r  were rep laced  by megalopae from wi thout  t h e  s tudy  a rea .  
An invas ion  of warm water  i n t o  t h e  Gulf of t h e  Fa ra l lones  i n  l a t e  
January and February may have a c c e l e r a t e d  development t o  t h e  f i r s t  
c rab  s t a g e ,  and zooplankters  of oceanic  and warm wa te r s  were found 
i n  a s s o c i a t i o n  wi th  c rab  zoeae. Eighty pe rcen t  of a s t r o n g  1977 
y e a r  c l a s s  en t e red  t h e  Bay complex. 
Regression ana lyses  were computer run comparing c rab  landings  
t o  q u a r t e r l y  oceanographic parameters  co inc id ing  w i t h  s p e c i f i c  
l i f e  h i s t o r y  phenomena. Sea l e v e l s ,  i n d i c a t o r s  of ocean c u r r e n t s ,  
a r e  h igh ly  c o r r e l a t e d  t o  landings  and a l s o  appear t o  be  p a r t l y  r e -  
spons ib l e  f o r  some h igh  c o e f f i c i e n t  of de te rmina t ion  va lues  i n  mul- 
t i p l e  r eg re s s ions .  Crabs he ld  a t  c o n t r o l l e d  temperatures  revea led  
egg development, spawning, and feeding  r a t e s  a r e  a f f e c t e d  by in -  
c reased  temperature.  Crab mating success  was 90% i n  t h e  San 
Franc isco  a r e a ,  and smal l  samples from Eureka revea led  s i m i l a r  suc- 
ce s s .  Smaller  o v a r i e s  i n  c e n t r a l  C a l i f o r n i a  c r abs  prompt s tudy  of  
t h e  p o s s i b i l i t y  of lowered r ep roduc t ive  p o t e n t i a l .  
Background l e v e l s  of  cadmium i n  j u v e n i l e  c r abs  and w a t e r  i n  
which they were r ea red  a t  the  Marine Cul ture  Laboratory were de t e r -  
mined p r i o r  t o  beginning b ioassays .  Range-finding b ioas says  de t e r -  
mined 10 mg/l of cadmium a mid-point f o r  f u l l - s c a l e  b ioassays .  
Higher l e v e l s  of petroleum hydrocarbons i n  t h e  l a r g e r  j u v e n i l e  
c r abs  from San Franc isco  Bay sugges t  c r abs  t h e r e  a c q u i r e  l a r g e  
hydrocarbon burdens. 
S a t i s f a c t o r y  methods of r e a r i n g  zoea l  s t a g e s  of c rab  were 
developed, and ref inement  of c u l t u r e  techniques was made f o r  mega- 
l opae  and pos t - l a rva l  i n s t a r s .  
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FOREWORD 
The S t a t e  L e g i s l a t u r e  i n  1974, by Senate  B i l l  1606, d i r e c t e d  t h e  
Department of F i s h  and Game t o  conduct an  i n v e s t i g a t i o n  i n t o  t h e  causes  
of t h e  long-term d e c l i n e  i n  t h e  c e n t r a l  C a l i f o r n i a  Dungeness c r a b  
resource .  
This  r e p o r t  i s  t h e  f o u r t h  i n  t h e  s e r i e s  of Marine Resources Adminis- 
t r a t i v e  Reports  which p r e s e n t s  t h e  Department's Dungeness Crab Research 
Program and p rog res s  of i t s  i n v e s t i g a t i o n s .  Marine Resources Administra- 
t i v e  Report 75-8 was t h e  r e sea rch  proposa l  f o r  t h e  program. It presented  
t h e  c e n t r a l  C a l i f o r n i a  c r ab  problem, o b j e c t i v e s  of t h e  new program, 
research  des ign ,  work p l ans  f o r  t he  4-year s tudy ,  and an o u t l i n e  of pre- 
l imina ry  r e sea rch  a c t i v i t i e s .  
For d e t a i l s  of o rgan iza t ion ,  r e sea rch  methods, and p r i o r  r e s u l t s ,  t h e  
reader  is  r e f e r r e d  t o  t h e  r e s e a r c h  proposa l  and t o  prev ious  annual  r e p o r t s .  
The program p rogres s  r e p o r t  of 1975 w a s  p r i n t e d  a s  Marine Resources Admin- 
i s t r a t i v e  Report 75-12. Marine Resources Adminis t ra t ive  Report 76-15 d i s -  
cussed changes i n  ope ra t ions  and r e s u l t s  of our  work i n  1976. This  y e a r ' s  
p rog res s  r e p o r t  i s  s i m i l a r  i n  format t o  t h e  1976 r e p o r t .  
The f i n a l  r e p o r t  t o  t h e  Governor and L e g i s l a t u r e  i n  September 1979 w i l l  
i nc lude  t h e  f i n d i n g s  of t h e  4-year program toge the r  wi th  recommendations f o r  
some a c t i o n s  t o  p r o t e c t  t he  resource  and inc rease  the  abundance of c r abs  i n  
S t a t e  waters .  
H. G. Orcut t  
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INTRODUCTION 
by 
31 Harold G. Orcutt- 
The Problem 
I n  t h e  1976-77 season t h e  r e sou rce  of c e n t r a l  C a l i f o r n i a  Dungeness c r ab ,  
Cancer magister, remained a t  a  depressed l e v e l ,  whi le  n o r t h e r n  C a l i f o r n i a  had 
t h e  h i g h e s t  s easona l  h a r v e s t  i n  t h e  h i s t o r y  of t h e  f i s h e r y  (F igure  1, 
Table 1 ) .  
The h igh  l and ings  i n  1975-76 and t h e  record  1976-77 h a r v e s t  of 25.6 
m i l l i o n  l b  (11,612 MT) of c rabs  o f f  no r the rn  C a l i f o r n i a  overshadowed t h e  
sma l l ,  bu t  i nc reased  landings  of 612,000 l b  (277 MT) o f f  c e n t r a l  C a l i f o r n i a  
dur ing  t h e  1976-77 season. 
The Objec t ive  
The o b j e c t i v e  of t h e  Dungeness Crab Research Program i s  t o  determine 
f a c t o r s  caus ing  t h e  d e c l i n e  and cont inued low l e v e l s  of c e n t r a l  ~ a l i f o r n i a ' s  
Dungeness c rab  r e sou rce  and t o  make management recommendations t o  p r o t e c t  
and i n c r e a s e  t h e  resource.  
Background 
The Dungeness c rab  f i s h e r i e s  i n  C a l i f o r n i a  are concent ra ted  o f f  t h e  
c e n t r a l  (San Francisco-Bodega) and no r the rn  (Crescent  City-Eureka-Fort Bragg) 
p a r t s  of t h e  state. There i s  l e s s  f i s h i n g  e f f o r t  f o r  c r abs  a t  Monterey and 
Morro Bay. 
Catches of Dungeness c r abs  o f f  C a l i f o r n i a  a r e  landed i n  f o u r  p r i n c i p a l  
a r e a s  of t h e  no r the rn  and c e n t r a l  p o r t i o n s  of t h e  s t a t e .  Landings a t  t h e  
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TABLE 1. Dungeness Crab Landings by Season (Pounds) 
Y 
Eureka,  Bodega Eay and 
C r e s c e n t  C i t y ,  San Francisco Monterey Bay Avila and 
Season and F t .  Bragg Area Area Morro Ray T o t a l  
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TABLE 1. (con t inued)  
Eureka, Bodega Bay and 
C r e s c e n t  C i t y ,  San F r a n c i s c o  Monterev Eay A v i l a  and 
Season and F t .  Rragg Aree Area Morro Bay T o t a l  
% 
nor the rn  p o r t s  of Crescent  Ci ty ,  Eureka and For t  Bragg (Table 1 )  r ep re sen t  
t h e  bulk  of t h e  c a t c h  and fo l low t h e  c y c l i c  p a t t e r n  of c r ab  abundance which 
occurs  i n  t h e  ha rves t ed  c rab  popula t ion  (Figure 1 ) .  This  p a t t e r n  of f l u c t u -  
a t i o n  i s  s i m i l a r  f o r  Dungeness c r ab  f i s h e r i e s  o f f  Oregon and Washington. 
Landings of c r abs  i n  no r the rn  C a l i f o r n i a ,  which had a  mean annual  y i e l d  of 
9.2 m i l l i o n  l b  (4,182 MT) pe r  season from 1955-56 through 1969-70, plummeted 
from a  high of over  14 m i l l i o n  l b  (6,364 PIT) i n  1969-70, t o  7.8 m i l l i o n  l b  
(3,545 MT) i n  1970-71, 2.5 m i l l i o n  l b  (1,136 MT) i n  1971-72, 1 .2 m i l l i o n  l b  
(545 MT) i n  1.972-73 and t o  a  record  low of 360,000 l b  (164 MT) i n  1973-74. 
During t h e  1974-75 season 1.5 m i l l i o n  l b  (681 MT) were landed,  i n d i c a t i n g  
another  upswing of t h e  c y c l i c  p a t t e r n  which went t o  s l i g h t l y  over  17 m i l l i o n  
l b  (7,727 MT) i n  1975-76. Research c r u i s e s  i n  1976 revea led  a  r e l a t i v e l y  
s t r o n g  r e s e r v e  of r e c r u i t s  i n  t h e  popula t ion  t o  suppor t  con t inua t ion  of good 
landings  i n  t h e  1976-77 season. The h a r v e s t  f o r  1.976-77 was a  record  h igh  
of n e a r l y  25 m i l l i o n  l b  (11,612 MT). This  upswing i n d i c a t e s  a  c r i t i c a l  d i f -  
f e r ence  i n  c rab  s u r v i v a l  between t h e  extremely c y c l i c  popula t ion  of no r the rn  
C a l i f o r n i a  and t h e  low-yielding r e sou rce  of t h e  San Franc isco  reg ion .  
The c e n t r a l  C a l i f o r n i a  Dungeness c r ab  resource  has  y i e lded  h a r v e s t a b l e  
c r abs  a t  d r a s t i c a l l y  low l e v e l s  f o r  16 seasons i n  comparison t o  t h e  long- 
term average of prev ious  seasons  (F igure  1 ) .  This ,  a s  y e t ,  unexplained 
d e c l i n e  is of s e r i o u s  concern because i t  i n d i c a t e s  a cont inuing  s i t u a t i o n  
r a t h e r  than  a  f l u c t u a t i o n .  The long-term mean annual  y i e l d  f o r  San Franc isco  
c rab  season landings  had been 4.8 m i l l i o n  l b  (2,182 MT) from 1945 t o  1960. 
The a r e a ' s  crab landings  reached a n  a l l - t ime  peak of 8.9 m i l l i o n  l b  (4,045 MT) 
dur ing  t h e  1956-57 season and then dec l ined  a t  t h e  r a t e  of approximately 
2 m i l l i o n  l b  (909 MT) each season u n t i l  t h e  1961-62 season when only  710,112 
l b  (323 MT) were landed. Low l and ings  have occurred each season s i n c e  then .  
A s l i g h t  i n c r e a s e  was seen  dur ing  t h e  1962-63 and 1963-64 seasons when 1.3 
and 1.2 m i l l i o n  l b  (590 and 545 MT) were landed,  r e s p e c t i v e l y ,  and a g a i n  i n  
1969-70 wi th  a h igh  of 1 . 5  m i l l i o n  l b  (682 MT). These v a r i a t i o n s  a r e  t h e  
only i n d i c a t i o n s  of a tendency t o  f o 1 l . o ~  a c y c l i c  upswing such a s  t h a t  
occu r r ing  t o  t h e  nor th .  The 1972-73 season ' s  t a k e  was 291,551 l b  (133 MT). 
The 1973-74 season h a r v e s t  was only  402,700 l b  (183 MT) and t h e  t o t a l s  of 
230,976 l b  (105 MT) f o r  1974-75, and 340,945 l b  (155 MT) f o r  1975-76 a r e  
t h e  poores t  i n  t h e  h i s t o r y  of t h e  f i s h e r y .  The t ake  of c rabs  from c e n t r a l  
C a l i f o r n i a  waters  i n  t h e  1976-77 season  t o t a l e d  612,000 l b  (278 MT). That 
i n c r e a s e  was encouraging b u t  t h e  out look  f o r  1977-78 i s  n o t  a s  good. Ear ly  
1977-78 season landings  i n d i c a t e  t h e  y i e l d  w i l l  n o t  be  s u b s t a n t i a l l y  more 
than  t h o s e  of r ecen t  seasons.  Also, r e sea rch  c r u i s e  d a t a  f o r  t h i s  a r e a  do 
no t  i n d i c a t e  s u f f i c i e n t  r e c r u i t s  f o r  a cont inued upswing i n  t h e  immediate 
f u t u r e ,  bu t  a r e l a t i v e l y  s t r o n g  1977 y e a r  c l a s s  may r e s u l t  i n  improvement 
i n  t h e  1980-81 season. 
South of t h e  problem a r e a ,  combined landings  of Monterey and Morro Bay 
have never  exceeded 600,000 l b  (272 MT). The long-term average (1950-51 t o  
1974-75) i s  117,595 l b  (53.14-T). This  f i s h e r y  i s  a t  t h e  southern  l i m i t  of 
commercial abundance of c r a b s ;  hence low abundance and wide f l u c t u a t i o n s  
a r e  t o  be  expected. During t h e  seasons  1970-71 through 1975-76, landings  
ranged from 5,215 t o  125,812 l b  (2 t o  57 MT). 
Program Development 
Senate  B i l l  1606 of 1974 .d i r ec t ed  t h e  Department of F i sh  and Game t o  
conduct an  i n v e s t i g a t i o n  i n t o  t h e  f a c t o r s  r e spons ib l e  f o r  t h e  d e c l i n e  of 
Dungeness c r ab  h a r v e s t s  i n  c e n t r a l  C a l i f o r n i a .  The law a l s o  provided t h a t  a 
s p e c i a l  p r i v i l e g e  t a x  of $0.0185 per  pound of c r ab  taken be  used only f o r  
crab r e sea rch  and management. The i n t e n t  of S.B. 1606 was t o  r a i s e  $500,000 
t o  fund t h e  i n v e s t i g a t i o n .  The cumulative t o t a l  of t a x  c o l l e c t e d  surpassed 
$500,000 i n  1977, and t h e  t a x  was terminated by t h e  passage of Assembly B i l l  
858. 
The Dungeness Crab Research Program proposa l  f o r  t h e  4-year s tudy  in-  
cluded s i x  t e c h n i c a l  p o s i t i o n s .  However, f i s c a l  c o n s t r a i n t s  allowed only 
f i v e  p o s i t i o n s  t o  be e s t a b l i s h e d ;  t h e  funds generated by t h e  t a x  on c rab  
landings  were extremely low when t h e  program began. The income from t h e  t a x  
on c rabs  landed i n  t h e  1975-76 and 1976-77 seasons  inc reased  s i g n i f i c a n t l y ,  
and budgets  were d r a m  up t o  u se  some of those  funds t o  suppor t  most of  t h e  
research  program i n  f i s c a l  yea r s  1977-78 ($175,289) and 1978-79 ($214,000). 
Over and above t h e  1978-79 budget,  $100,000 has  been des igna ted  f o r  s t u d i e s  
of contaminants i n  t h e  environment. These s t u d i e s  r e l a t e  t o  t h e  e f f e c t s  of 
ch lo r ina t ed  e f f l u e n t s ,  petroleum hydrocarbons, and heavy meta ls  on c rabs .  
Although t h e  p o s i t i o n  f o r  a s i x t h  b i o l o g i s t  w a s  never  f i l l e d ,  t h e  s t a f f  
of t h e  Dungeness Crab Research Program a n t i c i p a t e s  t h a t  t h e  o b j e c t i v e s  of t h e  
program w i l l  be met,but t h i s  n e c e s s i t a t e s  l e s s  q u a l i t a t i v e  and q u a n t i t a t i v e  
d e t a i l  i n  f i e l d  sampling and l a b o r a t o r y  examinations. 
S u b s t a n t i a l  a s s i s t a n c e  has  come t o  t h e  Dungeness Crab Research Program 
from s e v e r a l  o t h e r  F i s h  and Game u n i t s .  S t a f f  and f i e l d  ope ra t ions  of 
Operations Research Branch have been a major source  of suppor t .  Biornetrics 
s e c t i o n s  have given a s s i s t a n c e  on d a t a  s t o r a g e  and ana lyses ,  and t h e  Marine 
Cul ture  Laboratory has devoted much time and use  of f a c i l i t i e s  f o r  c r a b  
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s t u d i e s .  Marine Resources Region (MRR) b i o l o g i s t s  have a s s i s t e d  i n  f i e l d  
work and provis ion  of equipment. MRR v e s s e l  ope ra t jons  have supported our  
many r e sea rch  c r u i s e s ,  aad t h e  Marine Bioassay 1,aboratory f a c i l i t i e s  have 
been made a v a i l a b l e  f c r  s t u d i e s .  The Technica l  Information Center provided 
l i b r a r y  a s s i s t a n c e .  The Kay-Delta F ishery  P r o j e c t  and t h e  Anadromous Fish- 
e r i e s  Branch have provided r e sea rch  v e s s e l s  and crew f o r  many c r u i s e s  i n  
t h e  San Francisco Bay a rea .  The Water P o l l u t i o n  Control  Laboratory of 
Environmental Serv ices  Branch has  a s s i s t e d  i n  determining t o x i c  element bur- 
dens i n  c r abs ,  and t h e  Department 's P e s t i c i d e  Laboratory determined l e v e l s  
o f  p e s t i c i d e s  and po lych lo r ina t ed  b iphenyls  i-n c r ab  ti.;, = sues.  
Meetings and Cooperat ive Research A c t i v i t i e s  
During 1977 t h e  Dungeness Crab Research Program p a r t i c i p a t e d  i n  presen- 
t a t i o n s  and d i scuss ions  of t h e  Dungeness Crab Spectes Management P lan  f o r  
L 
Extended J u r i s d i c t i o n .  The management p l a n  prepared by the  Program i n  1976 
inc ludes  informat ion  on s t a t u s  of t h e  r e sou rce ,  a  d e s c r i p t i o n  of t h e  f i s h -  
e r y ,  and recommendations f o r  management. The p l an  was reviewed by t h e  
Department i n  J u l y  and presented  t o  t h e  F i sh  and Game Comiss ion  i n  August. 
The p l a n  i s  a c o n t r i b u t i o n  t o  t h e  ~ e p a r t m e n t ' s  e f f o r t  t o  prepare  s p e c i e s  
management p lans  f o r  t h e  P a c i f i c  Management Council .  
S c i e n t i s t s  a t  t he  Bodega Marine Laboratory a r e  making c o ~ ~ p r e h e n s i v e  
s t u d i e s  of t h e  p a r a s i t i c  nemertean worms which i n f e s t  and fee?  upon eggs 
c a r r i e d  by female c r a b s ,  t echniques  f o r  r e a r i n g  c rab  l a r v a e  i n  v e r t i c a l  
c u l t u r e  tubes ,  and s t a t i s t i c a l  models t o  e x p l a i n  t h e  wide f l u c t u a t i o n s  i n  
c r ab  abundance o f f  no r the rn  Ca l i fo rn i a .  
During the  year  program s t a f f  memhers m e t  w i th  v a r i o u s  groups t o  d i s -  
cuss  the r e sea rch  program and p rog re s s  of t h e  v a r i o u s  p r o j e c t  a c t i v i t i e s .  
The p r i n c j p a l  me€ t i n g s  were: 
San Frarlcisco Bay and E s t u a r i r , ~  Soc i e ty  
C a l i f o r n i a  F i s h  and Gape Conmission 
P a c i i i  c Plartrle F i sheb ic s  Coir~vission hdvi so* s 
San Franc isco  Bay a i ~ d  Es tuary  Advisory Corriruittee 
Un ive r s i t y  of Cal i fo l -n ia  P o d e p  I,larit~c Labniatory 
American Associal-ion f o r  t h e  Advanccinent of Science 
CRAB CRITICAL STAGE PROJECT STUDIES 
by 
Robert N. Tas to ,  Paul  N. Reil-Ly, Deborall D. Pfogelberg, 
4 / a r ~ d  Susan E. Hatfield-- 
The p r o j e c t  c o n c e n t r a t ~ d  on f u l f i l l i n g  t w o  major o b j e c t i v e s  i n  1977 .  
They were a s  fol lows:  
1. Determination of t h e  d i s t r i b u t i o n  and rc.lat-ive abundance of 
Ducgeness c rab  zoeae, megalopne, and e a r l y  p o s t - l a r v a l  i n s t a r s .  
2 .  Determination of p reda to r s  and t h e i r  e f f e c t s  on c rab  popt i la t ion 
numbers. 
Some a d d i t i o n a l  d a t a  were c o l l e c t e d  regard ing  growth r a t e s  of j u v e n i l e  c r abs  
i n  13ay waters .  A manuscript  desc r ib ing  t h e s e  growth r a t e s  i s  nea r  comple- 
t i o n .  
Because of d a t a  s t o r a g e  de l ays  and a  changeover of personnel  i n  l a t e  
1976, t h e  1976 annual  r e p o r t  was incomplete regard ing  zooplankton and stomach 
content  a n a l y s i s .  Therefore ,  the  d a t a  and de termina t ions  r epo r t ed  h e r e i n  
inc lude  some m a t e r i a l  from 1976 as w e l l  a s  most from 1977. 
We have descr ibed  our  methodologies and gear  i n  prev ious  annual  r e p o r t s  
( 0 r c u t t  e t  a l .  1975a, 1975b, 1976) but  w i l l  d e f i n e  such i tems  aga in  when 
changes o r  c ircumstances warran t  i t .  
D i s t r i b u t i o n  and Re la t ive  Abundance 
Procedures 
--
Five  major c r u i s e s  were conducted i n  t h e  p r i n c i p a l  s tudy  a r e a  (F igures  
2 and 3) t o  i n v e s t i g a t e  t h e  1977 yea r  c l a s s  of Cancer magister and were 
4/ Operat ions Research Branch, 411 Eurgess Drive,  Menlo Park,  CA. 94025 
- 

FIGURE 3.  Bay s tudy  a r e a  of Dungeness Crab Research Program. 
supplemented by s e v e r a l  sma l l e r  c r u i s e s  of 1 t o  4. days du ra t ion .  Nearly 400 
plankton tows and over  200 t r awl  tows were made i n  1977. I n  a d d i t i o n ,  12 
plankton tows were made i n  ocean waters  nea r  Eureka t o  o b t a i n  comparati.ve 
da ta .  
PI-ankton sampling began i n  January t o  co inc ide  wi th  t h e  ha tch ing  of 
l a r v a l  c rabs .  A s  t h e  l a r v a e  devel.oped towiird t h e  j u v e n i l e  s t a g e s  over  t f i c ?  
next  4 months, l e s s  emphasis w e s  placed upon p lankton  towing a:id more upon 
bottom t raml ing .  
Our f i r s t  major c r u i s e  occurred January 27 t o  Februsl-y 5 ,  1977, aboard 
t h e  R/V Alaska.  One hundred seventy-four plankton tows were made a t  34 
s t a t i o n s  i n  t h e  Gulf of t h e  Pa ra l lones  and fou r  t o t ~ s  were m a d e  in c e n t r a l  
San Francisco Bay. We made seveir t o ~ ~ s  at n i g h t  i n  an  i r , i t t a l  a t tempt  t o  
determine any d i f f e r e n c e s  i n  a v a i l a b i l i t y  caused by d i u r n a l  v e r t i c a l  migra- 
t i o n  of t h e  l a r v a l  s t ages .  General ly ,  stahi.on occupat ion i n  t h e  Gulf was 
i d e n t i c a l  t o  our plankton surveys  i n  1976 wi th  s u r f a c e ,  ob l ique ,  and three 
mid-column h o r i z o n t a l  tows. However, w e  rep laced  our  or ig ina l .  505-micron 
opening-closing n e t  w i th  a  12-inch (30-cm) Clarke-Bumpus sarrpler of s i m i l a r  
mesh s i z e  and opening-c1osj.ng c a p a b i l i t i e s  f o r  a l l  d i scre te -depth  tows 
below t h e  su r f ace .  S a l i n i t y  and temperature measurements were taken a t  a l l  
h o r i z o n t a l  towing l e v e l s  i nc lud ing  t h e  s u r f a c e  and bottom (when p o s s i b l e )  
on t h i s  and a l l  succes s ive  c r u i s e s .  Th i r t een  t r awl s  were made t o  c o l l e c t  
a d u l t  Dungeness c r abs  f o r  reproduct ive  s t u d i e s  be ing  c a r r i e d  out  a t  t h e  
Department 's Marine Cul ture  Laboratory. 
I n  e a r l y  February we made n i n e  ob l ique  plankton tows i n  San Pablo Bay 
from t h e  Striper II us ing  a  0.5-m (1.6-ft)  diameter  n e t  w i t h  1-mm mesh and 
adapted t o  a towing s l ed .  
We c o l l e c t e d  s i x  plankton samples each on Februsry 15 and April  21. i n  
t h e  Eureka a r e a  froiri t h c  P/V Elusfin. One tor? v;ts nlzde a t  each of s i x  
s t a t i o n s  spaced 5 nzu ' i ica l  mi l e s  (8 kr,,) a p a r t  a long .I t r , ,nscc t  pcrpe~r1;-culxx 
t o  t h e  coastline. f roll: the  c ~ u t r a n r ~ e  1.0 IIu,1bol d t  1% y , I I ( ~  o u t  t o  30 milcb 
(50 km) . 
Cruise  77-A--4 begar1 011 I-larch I Z  nr;d vcls f c ~ r  i1:ht.c.d ;:br~ipt-ly on lilrrcl~ 44 
when tht. Alaska t.i?s rec.?I!cd t o  so::thesn C n l l f o ~ * i a  f o r  an er.it?l  PII ICY iil'chovy 
survey. Xfne p l s r i k ~ o n  s?i?ples hnd bcen collecl.cd 51: t'rrc Culf a t  tllrec s t%-  
t iotrs  and f o u r  obl ique  i l o ~ ~ c  h:id b ~ c n  made at f c ~ a s  st -at ions i n  the  Bay c o r p l r v ,  
To compensate f o r  t h o  1c;ss of s h i p  time, .i;e ~ f i n s i c ~ - ~ r i  tIlc 6-T-ft L, i t i , l :?  Beor 
f ror11 t h e  C a l i f o r n i a  FF;!  i t i  rile Acadcr~y M;.r< h 25- 27. lac mail? ocle obl  i q ~ l e  planlc- 
t on  tow aL each of I1 s t a t i o n s  5 i i  t he  cc:~trzl  anzil nort1le:rst scc t  i o n s  o f  t.hp 
Gulf.  The abor ted  cr11i.r.c. v a s  rc,;cllcdulecl i o r  L ~ r j i  6-11 (77 -A- -5 ) ,  One 
hundred one plankton ~ a * ~ l p 4 e s  were collected i n  6 days u s i n g  two teams of two 
b i o l o g i s t s  each working 10-hr s h i f t s .  Idire col l c c t e d  3'1 of t h e s c  sarfipler; a t  
n i g h t ,  dawn, o r  dusk,  m c 1  of t h e s e ,  24 wcLrc! r c p l i c a t c  tows a t  s t a t i o n s  sam- 
p led  dur ing  d a y l i ~ h t  hours .  Each s t a t i o n  c o n s i s t c d  of an  obl ique  and surfacc* 
tow. Stomachs were removrd from v a r i o u s  d c m e r ~ a l  f i s h e s  and preserved i n  
10% f ormalin.  
We i n i t i a t e d  t h e  f i r s t  of a  s e r i e s  of t-hrce K e l p  Bass c r u i s e s  i n  $lay. 
The f i r s t  c r u i s e  r a n  from May 9-17 (77-KB-3). continued t o  a n t i c i p a t e  
t h e  presence of l a r v a l  C. magister i n  t h e  water  colurm, p a r t i c u l a r l y  mega- 
lopae,  b u t  placed a n  equal  e f f o r t  on bottom t r awl ing  f o r  t h e  new p o s t - l a m a 1  
i n s t a r s .  We occupied 21 s t a t i o n s  i n  t h e  Gulf of t h e  Fa ra l lones  and 29 (14 
by s k i f f )  i n  San Franc isco  and San Pablo Bays. 
During t h e  n e x t  c r u i s e  77-KB--4 ( June  13-26) w e  intenclec? t o  sample o n l y  
by t r a l s l i n g ,  assuming t h a t  a l l  o r  most o f  t t - ~  1977 y e a r  cl;.rrs had 13ctamor.- 
phosed t o  t h e  ear1.p p o c t - - l a r v a l  s t a g e s .  IIo17cve~, w e  encountc>rccl v;st 
s p o r a d i c  asscr.1,blagcs of t h e  crjc?lc.ntcrrtte I lclZ~Za v o Z Z c 2 ~  a n d ,  upon d i p , , c t -  
t i n 8  sor;le of tlrc!r~ o u t  of  t h e  .rd;rer, dj:;covcrcd a t t n c l  clct C. I , - ! ;  i n tcz*  r,!cg~-  
l o p a e .  k?e the13 r:sde one ~ L l i q l i c  ici;z at eac :~  of  11. scc2tio;-s t o  d i  r . , . ~ - m S ~ l c .  if 
~negnlopae  a l s o  were present i n  t h e  tTL7 tcr C C > ~  1,' -"lr 1~~t-2 TL::~(:,c b3i.I:~~" t rrir?l. t o l  r >  
a t  3 1  c t , , t for is  j n  the Gulf and 29 se;",ions (TO by s k i f f )  i n  t h e  C7y co~cp lc r .  
A[z-iag s~o r , : a c I~s  0 5  V~TZOUS de~r C J ~ I - ; ~ ~  F ~ G ' J ~ S  I - L I - C  c o l l e c t  cd  ai;d p: escuv: :'. 
On c r u i s e  77-13-3 ( S c p t c r L t r  2j-Clct6L.cr '/), 1 8  s t a t i o m ~ s  \:e,-r? occul.ic:! 
jn  t11c Guif of t l ~ c  F a r a l l o n e s  3 r d  20 s t e t i o n s  i r r  tlrc S217 Frar_cjnco-S::,, Fal~'l(l-- 
S l ~ i s u n  Bay C O ~ L I ~ I ~  ex. St n t  i o n s  cons i s t c  d of 5-- o r  15--1ti;n b e t  toui t l - a ~ ~ l  tow:: ;ilx:l 
a 45-l,iin s e t  wi-t11 f i v e  b a i t e d  rjzig 11c : s .  Sixty-eJ gilt s t o r * a c h r  of vsriou:: 
demersa l  f i s h c s  were c o l l  ected. 
That  p u r t i o n  o f  the 1976 y e a r  c l c s s  t h a t  1 -cs ides  i n  t h e  Eny cct~nplex va:, 
m o r ~ i t o r e d  i n  J a n u a r y  end February  by trai:l and r i n g  n e t  from t h e  Si-riper IT. 
Crabs of t-he 1977 y e a r  c l a s s  a r c  b e i n g  moni tored i n  t h e  Gay f rom thc  CT(73n. 
T h i s  vessel i s  much faster t h a n  the S t r iper  I1 and a l l o w s  us  t o  occupy 1 5  
s t a t i o n s  from S u i s u ~ z  Bay s o u t h  t o  the Dumbarton Bridge.  
S i x t e e n  shore-based r i n g  n e t t i n g  s t a t i o n s  were  e s t a b l i s h c - d  i n  J u n e  iron, 
P o r t  Chicago i r t  Su i sun  Bay t o  F\Eldx,~oc>d C i t y  i n  s o u t h  Szn F r a n c i s c o  Bay. 
Three  30-min s e t s  w i t h  f i v e  b a i t e d  r i n g  n e t s  are  made monthly a t  each s t a -  
t i o n .  S a l i n i t y  and t e m p e r a t u r e  n ~ e a s u r e ~ n e n t s  a l s o  are taken .  
R e s u l t s  and Olscussj .cn 
-- 
Larvae. We are u n a b l e  t o  compare s t a t i s t i c a l l y  t h e  catch-per-uni t -of-  
e f f o r t  of o u r  Dungeness c r a b  l a rva l  samples; y e t  t h e  d i f f e r e n c e s  betx:een the 
1976 and I 9 7 7  y e a r  classrts appear t o  be c o n s i d c r s b l e  but: n o t  c o n s i s t c ~ l t .  
O u r  p l a n k t o n  to:s:s -in Ja;!u,:ry 1.976 rzbocrrcl t h r  P i V  Illz!;:n yielded s tage  I zoezel 
:3 i n  dm:sitj.es a:: h i g h  zsi; !?C)(%/l~j~~fl  r:1 ; ytrt i n  1 9 7 7  ti!? highest clecs,it.y w,.: 
3 fou,id uas 1 4 0 / ?  001) 111 . C ~ i c ~ c i ; ; ~ l . ~ ,  dez-;:::! t i e s  c?f i:;<.,;;;,o: ... ae i n  1976 n e v r i Q  
~7etil:s j.n J ; ~ I : ; L . : - J ~ .  T'bc f-irt;i- 1976 s ~ ; ~ ~ T , c I  I. zoe'21) s,:E:?.! c:\llect:ed .In;iuery I/:, 
1976 ,  The  bi.c?ic.st stai:,c' 1 der , s j . t i c s  ncc:irrrt;:d c; ;  J:,n!iz.i-y 3 0 ,  sf: ~' t : j . i : l l  t l ~ : ! ~  \:i: 
col l e c t e d  the  f i r s t  st:ii;c-' II i.ucnp, The in-i..t:j ~1 ;,. 1-V r.cbc:ne were col.-- 
I c c t e d  Februzry  11. !;aii;!>3 ri.118 in 1977 bcgarz Js:ik.iiry : ! I ,  a-i-. w1~:ic.h time I;.. 
coll.ectcd one s t a g e  XV zo+:n n1on.g ~ 2 . ~ 1 1  low denc;-Lt. i~s of stages 1, IT; 2nd 
hatchin:  per joc l  by as much as 1 month ond t l ~ ; i t  !Iic l:;?cchiny, p e r i o d  occurred 
s e v e r a l  wccl~s earl-irr tlian in 1-976. 
Thc p a t t e r n  of C, nagristcr lal-vcS d.istrit : t~t.-ic.n, hr::;~:d on d a t a  ZI-om 1576  
and 1977 a p p e ~ r s  to bz as iollows: 
1. A major p e r i o d  01 h a t c h i n g  o c c u r s  nearsbole 111 l a t e  Dccember or 
e a r l y  January. 
2. A s m a l l  amount of h a t c l l i n g  o c c u r ?  i n t  c rn i i t t enr  l y  throughout  w i g t e r  
and i n t o  s p r i n g .  Stage I zoeac were Found in t h e  G u l f  of the 
Fara l lones  as l a t e  as mid--May i n  1977.  
3 .  The l a r v a e  d r i f t  o f f s h o r e  throughout  t h e  w in t e r .  S tage  I zoeae 
have been cap tured  a s  c l o s e  t o  shore  a s  i t  i s  p o s s i b l e  t o  sample. 
Stage I11 zoeae have been found no l e s s  than  13  m i l e s  (21  km) from 
shore.  S tage  I V  zoeae, wi th  t h e  excep t ion  of  one occur rence  i n  t h e  
extreme no r the rn  s e c t i o n  of t h e  Gulf ,  have n o t  been c o l l e c t e d  with-  
i n  22 mi l e s  (35 km) of shore.  We found no s t a g e  V zoeae e i t h e r  i n  
1976 o r  1977. No C. magister zoeae were found i n  any of our  1977 
Bay samples. 
4. Megalopae appear ,  gene ra l l y  i n  h ighe r  d e n s i t i e s  than l a t e  s t a g e  
zoeae, from l a t e  March t o  l a t e  June throughout  t h e  Gulf and occa- 
s i o n a l l y  i n  t h e  Bay complex. I n  1976, du r ing  t h e  pe r iod  i n  which 
megalopae were p re sen t  i n  t h e  Gulf ,  138 plankton tows y i e lded  only  
1 4  megalopae. During a  s i m i l a r  pe r iod  i n  1977, 158 p lankton  tows 
y i e lded  397 megalopae. The h i g h e s t  d e n s i t i e s  occur red  i n  t h e  
n o r t h  c e n t r a l  s e c t i o n  of  t h e  Gulf.  Megalopae were c o l l e c t e d  a t  
a l l  Gulf s t a t i o n s  except  some i n  t h e  sou the rn  p a r t ,  
The aforementioned f ind ings ,  when viewed i n  l i g h t  of t h e  upwell ing pa t -  
t e r n  a long  t h e  c e n t r a l  C a l i f o r n i a  c o a s t ,  sugges t  t h e  p o s s i b i l i t y  of r e c r u i t -  
ment of megalopae from no r the rn  C a l i f o r n i a  spavming s t o c k s  and t h e  l o s s  of  
l o c a l  l a r v a l  s t o c k s  due t o  a  con t inua l  movement of o f f s h o r e  s u r f a c e  wa te r s  
du r ing  t h e  l a r v a l  season. This  must be  s t u d i e d  more f u l l y .  
Recently analyzed plankton samples taken  by t h e  C a l i f o r n i a  C o o p e r a t h e  
Oceanic F i s h e r i e s  I n v e s t i g a t i o n s  (CalCOFI) i n  February and March 1950 
suppor t  t h e  con ten t ion  t h a t  t h e  l a r v a e  of C. magister d r i f t  o f f s h o r e  a s  they  
develop. Zoeal s t a g e s  I V  and V were found 67 m i l e s  (107 km) o f f  San Franc isco .  
This  documents t h e  f i r s t  occurrence of  s t a g e  V i n  our records .  S tage  V 
zoeae a l s o  were found 111 m i l e s  (177 km) o f f s h o r e  dur ing  February and 150 
mi l e s  (239 km) dur ing  March. Megalopae were found 154 mi les  (247 km) from 
shore  dur ing  March. A l l  t h e s e  records  occurred a long  CalCOFI t r a n s e c t  l i n e  
60 which runs perpendicular  t o  t h e  c o a s t l i n e  o f f  San Francisco.  
Over t h e  next  2  yea r s  we p l a n  t o  analyze n e a r l y  400 CalCOFI p lankton  
samples t o  supplement our  own c o l l e c t i o n  e f f o r t s .  Arrangements have been 
made wi th  t h e  c u r a t o r  of plankton a t  Scr ipps  I n s t i t u t i o n  of Oceanography t o  
borrow t h e  samples c o l l e c t e d  from 1949 through 1973 along f o u r  t r a n s e c t s  
(two each)  o f f  c e n t r a l  and no r the rn  C a l i f o r n i a .  
The major i ty  of 1977 year  c l a s s  megalopae w a s  c o l l e c t e d  dur ing  77-A-5 
(Apr i l  6-11). A few were c o l l e c t e d  i n  May i n  an  a r e a  n o r t h  and n o r t h e a s t  
of Southeast  Fa ra l lon  Island: I n  June 1977, when most c r abs  of  t h e  yea r  
were i n  t h e  e a r l y  p o s t - l a r v a l  s t a g e s ,  we d iscovered  megalopae a t t a c h e d  t o  
Ve ZZeZa veZZeZa. Although pa tches  of VeZZeZa were found throughout  t h e  
Gul f ,  d i p n e t t i n g  y i e lded  megalopae only  on those  VeZZeZa c o l l e c t e d  n o r t h  of 
P o i n t  Bonita (en t rance  t o  San Franc isco  Bay) and w i t h i n  12 mi l e s  (19 km) of 
shore .  No megalopae w e r e  caught i n  11 ob l ique  p lankton  tows from t h i s  a r ea .  
Apparently C. magister does not  make exc lus ive  u s e  of VeZZeZa. The mega- 
a 
lopae  of C. graciZis, C. oregonensis, and a  l a r v a l  s t a g e  of t h e  sand c rab ,  
Emerita anazoga, a l s o  were found on t h e s e  c o e l e n t e r a t e s .  
The r e s u l t s  of ou r  day ve r sus  n i g h t  sampling a r e  n o t  y e t  supported by 
statistics; however, i t  appears  as though brachyuran d e n s i t i e s ,  p a r t i c u l a r l y  
zoeae, are g r e a t e r  a t  n i g h t  on t h e  s u r f a c e  a t  our  o f f s h o r e  s t a t i o n s  and t h a t  
t h e  abundance of C. magister megalopae i s  no t  r e l a t e d  t o  t ime of  sampling. 
The v e r t i c a l  migra t ion  of zooplankters ,  a s  w e l l  a s  more f avo rab le  wind condi- 
t i o n s ,  make n i g h t  sampling advantageous when c r u i s e  t ime i s  a t  a  premium. 
Resul t s  of t h e  Eureka plankton sampling sugges t  t h a t  l a r v a l  development 
of C. magister was proceeding a t  approximately t h e  same t ime a s  t h e  Gulf 
populat ion.  We found zoea l  s t a g e s  I through I V  i n  t he  February sample and 
megalopae a t  fou r  of  t h e  s i x  s t a t i o n s  sampled i n  Apr i l .  La rva l  d e n s i t i e s  
do n o t  appear t o  be  s i g n i f i c a n t l y  g r e a t e r  nea r  Eureka when compared t o  Gulf 
samples. The h ighes t  d e n s i t y  w e  found f o r  any s i n g l e  zoea l  s t a g e  i n  Eureka 
3 
was 105/1000 m f o r  s t a g e  111, and megalopal d e n s i t i e s  d i d  no t  exceed 
40/1000 m3' 
The Clarke-Bumpus plankton samplers d i d  no t  prove t o  be s a t i s f a c t o r y .  
The mouth diameter  was only  one-half t h e  s i z e  of p rev ious ly  used opening- 
c l o s i n g  plankton n e t s ,  and t h e  design of t h e  device  somehow impeded water  
f low a t  increased  speeds. These two f e a t u r e s  make t h e i r  use  i m p r a c t i c a l  a t  
our  o f f sho re  s t a t i o n s  where brachyuran d e n s i t i e s  a r e  gene ra l ly  very  low. 
The samplers a l s o  a r e  prone t o  numerous and v a r i e d  mechanical d i f f i c u l t i e s ,  
and because of t h e i r  s i z e  and r i g i d  cons t ruc t ion ,  a r e  hazardous t o  work 
wi th  i n  heavy s e a s ,  o r  h igh  winds, o r  both. The opening-closing mechanism 
malfunctioned f r equen t ly  thus  contaminating many of t h e  d iscre te -depth  sam- 
p l e s .  We w i l l  d i s con t inue  t h e  use  of t h e  Clarke-Bumpus samplers and r e t u r n  
t o  ou r  s tandard  0.5-m opening-closing n e t s  f o r  t h e  1978 l a r v a l  season.  
In te rmol t  s t a g i n g  s tudy.  A r e s e a r c h  p r o j e c t  was begun us ing  a method 
of  i n t e rmol t  s t a g i n g  t o  determine age d i s t r i b u t i o n  of t h e  megalopal s t a g e  
of C. magister i n  t h e  Gulf of t h e  Fara l lones .  The s u b j e c t s  of t h e  s tudy  
are megalopae n e t t e d  dur ing  plankton sampling i n  A p r i l ,  May, and June of 
1977. A con t inua l  o r  s tepwise  change i n  t h e  in t e rmol t  s t a g e  a long  any a x i s  
may be evidence of d i r e c t i o n a l  movement. 
Pre l iminary  s t a g i n g  was c a r r i e d  ou t  w i th  labora tory- reared  C. graciZis 
megalopae because they  were immediately a v a i l a b l e  i n  l a r g e  numbers a t  our  
Marine Cul ture  Laboratory. A s e r i e s  of s t a g e s  was descr ibed  from observa- 
t i o n s  of s e t a l  development i n  t h e  2nd max i l l i ped  and t e l s o n  and from t h e  
a p o l y s i s  and s t r u c t u r a l  development of t h e  new uropods. A c o n t i n u a l  s e r i e s  
was obta ined  f o r  t h e  e n t i r e  time (about 23 days) t h e  c r a b s  were i n  t h e  mega- 
l o p a l  s t a g e  wi th  t h e  except ion  of days two through e i g h t ;  f o r  t h e s e  days,  
no d i s c e r n i b l e  changes occurred.  Fu r the r  work w i t h  s t a i n s  may make develop- 
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ment dur ing  t h e s e  days ev iden t .  
C. magister megalopae have been obta ined  r e c e n t l y  from t h e  Marine 
Cul ture  Laboratory and U.C. ~ e r k e l e y ' s  Bodega Marine Laboratory. This  
r e f e rence  s e r i e s  w i l l  a l l ow us  t o  begin  work on t h e  f i e l d  samples. Since 
t h e  1977 s e r i e s  i s  somewhat incomplete,  we w i l l  need t o  augment our  co l l ec -  
t i o n  wi th  a new s e r i e s  nex t  year .  
Temperature i n f luences .  Unusually warm tempera tures  were de t ec t ed  i n  
t h e  Gulf of t h e  Fa ra l lones  dur ing  l a t e  January and e a r l y  February of 1977 
(77-A-2). Offshore w a t e r  temperatures  gene ra l ly  were g r e a t e r  t han  12.5 C (55 F) 
between the  s u r f a c e  and 25 m (83 f t ) .  It appeared t h a t  a l a r g e  i n t r u s i o n  of  
oceanic  water  had en te red  t h e  Gulf.  Warmer water might e x p l a i n  t h e  occur- 
rence  of two previous ly  unencountered and a s  y e t  u n i d e n t i f i e d  s p e c i e s  of 
Cancer larvae.  P r e s e n t l y  we a r e  a b l e  t o  i d e n t i f y  t h e  l a r v a e  of t h e  follow- 
i n g  spec i e s  of  Cancer: magister, oregonensis, productus, graci l is ,  anthonyi, 
and antennarius. A t  l e a s t  one of t h e  u n i d e n t i f i e d  s p e c i e s  appears  t o  be  
a s s o c i a t e d  w i t h  t h i s  warm water  m a s s  because l a r v a l  d e n s i t i e s  i nc reased  w i t h  
d i s t a n c e  from shore  i n  c o n t r a s t  t o  l o c a l  popula t ions  of canc r id  c rabs .  The 
usual pattern of upwelling appeared to be present in April (77-A-5) when 
surface temperatures in the Gulf ranged between 8.5 and 9.5 C (47 .and 49 F). 
Associated zooplankters. The specific hydrographic requirements of 
zooplankters in association with Cancer magister (e.g. chaetognaths) may 
help us understand the movements of local water masses and possibly the 
distribution of C. magister larvae. Species of the phylum Chaetognatha have 
been found to be convenient and accurate biological indicators. Species 
common to central California include Sagitta euneritica, S. bierii, 
S. decipiens, and S. scrippsae. 
During April and May 1976, plankton sample analysis revealed a pre- 
dominance of S. decipiens, an oceanic, mesopelagic species, in nearshore 
waters. The movement of cooler, deep upwelling waters toward the coastline 
would explain large numbers of this species in the upper-water layers. The 
presence of S. bierii in the study area also indicates an upwelling regime 
as it is a deep-dwelling, offshore species commonly found in areas of mix- 
ing. The absence of the characteristically epineritic chaetognath 
S. euneritica, suggests that unusually strong upwelling occurred during 
these months. S. euneritica probably was transported offshore and was 
rep:aced by S. bierii . 
Our plankton samples from late May and June 1976 suggest that upwell- 
ing was still occurring off the central California coast. The nearshore 
occurrence of S. scrippsae and Eukrohnia hamata, oceanic species rarely 
seen at the surface, supports this assertion. 
Samples collected in January 1977 indicate a significant warm-water en- 
croachment into our study area. Large numbers of two, oceanic, warm-water 
chaetognath species, S. enfzata and S. minima, were found. S. enfzata 
gene ra l ly  i s  d i s t r i b u t e d  south  of c e n t r a l  C a l i f o r n i a ,  and S. minima is  an 
exc lus ive ly  o f f sho re  form found p r imar i ly  i n  t h e  waters  over  t h e  edge of 
t h e  c o n t i n e n t a l  s h e l f .  I n  a d d i t i o n ,  r e l a t i v e l y  sma l l  b u t  s i g n i f i c a n t  num- 
b e r s  of S. zetesios, S. hexaptera, and Krohnitta subtiZis were found. A l l  
t h r e e  of t hese  s p e c i e s  a r e  warm-water forms, p a r t i c u l a r l y  K. subtilis, 
which is  p r imar i ly  s u b t r o p i c a l  and r a r e l y  found i n  our  sampling a rea .  
The zooplankton assemblage dur ing  January 1977 proved t o  be  very  
d ive r se .  The appearance ?f t h e  warm-water euphausid Nyctiphanes simpZex, 
r a r e l y  seen no r th  of P o i n t  Conception, i n d i c a t e d  t h e  degree of warm water  
encroachment. Dens i t i e s  i n  our  waters  measured a s  h igh  a s  2040 i n d i v i d u a l s  
3 pe r  1000 m . 
Juveni les .  Early-stage pos t - l a rva l  i n s t a r  c r abs  of t h e  1977 yea r  c l a s s  
were f i r s t  found i n  stomachs of f i s h  taken  frdm t h e  Gulf on A p r i l  11. 
On May 12 we c o l l e c t e d  c rabs  of s i m i l a r  s i z e  i n  t h e  Bay i n  t r awl s .  
During c r u i s e  77-KB-3 (May 5-22) w e  t rawled f o r  over 700 min and n e t t e d  
n e a r l y  2000 crabs.  Fif ty-seven percent  of ou r  t o t a l  e f f o r t  was expended i n  
t h e  Bay and y ie lded  72% of t h e  ca tch .  Eighteen of 30 Bay s t a t i o n s  y i e lded  
1977 year  c l a s s  c r abs  y e t  only four  of 21  Gulf s t a t i o n s  d id  t h e  same. One 
s t a t i o n  a lone ,  l oca t ed  i n  Drakes Bay, was r e spons ib l e  f o r  over 80% of t h e  
Gulf c o l l e c t e d  crabs.  The Bay c rabs  were d i s t r i b u t e d  predominantly a long  
t h e  channel banks i n  n o r t h  San Franc isco  and San Pablo Bay. This  p a t t e r n  
ts l i k e l y  t h e  r e s u l t  of p r e v a i l i n g  bottom c u r r e n t s  which would d i r e c t  newly 
metamorphosed pos t - l a rva l  s t a g e s  i n t o  t h e  Bay complex from t h e  Gulf. 
Cru ise  77-A-4 (June 13-22) was much l i k e  t h e  previous  one. Approxi- 
mately 1600 crabs-of-the-year w e r e  c o l l e c t e d  i n  j u s t  over  500 min of t rawl-  
ing.  Catch-per-unit-of-effort (CPUE) r o s e  f o r  Bay c d l l e c t e d  c rabs  from 
approximately t h r e e  and one-half t o  f i v e  c r abs  p e r - m i n u t e  of t rawl ing .  
E f f o r t  i n  t h e  Bay was reduced t o  40% of t h e  t o t a l ,  b u t  t h e  ca t ch  only  
dropped t o  63% of t h e  t o t a l .  Bay c o l l e c t e d  c rabs  appeared t o  b e  moving 
out  of t h e  channel a r e a s  onto t h e  mudflats .  Although 25 of 29 Bay s t a t i o n s  
y i e lded  c rabs ,  n o r t h  San Franc isco  and San Pablo Bays cont inued t o  dominate. 
t h e  ca t ch  wi th  San Pablo Bay becoming inc reas ing ly  important .  CPUE i n  t h e  
Gulf remained f o r  t h e  same a t  about  two crabs  pe r  minute of t rawl ing .  
Only f o u r  of 24 s t a t i o n s  y i e lded  crabs ;  a s  i n  May, over  80% of t h e  t o t a l  
Gulf-col lected c rabs  came from Drakes Bay. 
From September 21 t o  October 3 (77-KB-9) we conducted a t r a w l  CPUE 
survey t o  determine t h e  percentage of c r abs  t h a t  en t e red  t h e  Bay complex t o  
use  i t  a s  a nursery  ground. R e f l e c t i n g  n a t u r a l  m o r t a l i t y  r a t e s ,  t h e  t r a w l  
CPUE i n  t h e  Bay dropped from 5.0 t o  2.6 crabs/min and i n  t h e  Gulf from 2.0 
t o  0.5 crabslmin. These d a t a  sugges t  t h a t  approximately 80% of  t h e  1977 
y e a r  c l a s s  r e s ided  i n  t h e  Bay. This  f i g u r e  compares favorably  t o  our  su r -  
vey e s t ima te  of 80% f o r  t h e  1975 year  c l a s s  b u t  c o n t r a s t s  d r a m a t i c a l l y  t o  
t h e  e s t ima te  of 33% f o r  t h e  weak yea r  c l a s s  of 1976. Our 1976 annual  
r e p o r t  i nd ica t ed  t h a t  t h e  percentage of  1976 yea r  c l a s s  c r a b s  r e s i d i n g  
w i t h i n  t h e  Bay was 51%; however, t h i s  f i g u r e  has been a d j u s t e d  because i t  
inc luded  ring-net d a t a  which were found t o  be  b i a sed  i n  f avo r  of Bay s t a -  
t i o n s .  The t h r e e  survey yea r s  now p r o j e c t  f i g u r e s  generated by t r a w l s  
only. The CPUE, lumping a l l  p o s s i b l e  t r a w l  d a t a  t o g e t h e r ,  from 1975, 1976, 
and 1977 is  1.2, 0.2, and 2.5 c rabs lmin ,  r e spec t ive ly .  These a r e  n o t  sta- 
t i s t i c a l l y  r e f i n e d  e s t i m a t e s  and a r e  d i f f i c u l t  t o  compare because we used 
a mixture  of t r awl ing  gear  types throughout t h e  yea r s ,  b u t  we do b e l i e v e  
they  approximate t h e  r e l a t i v e  abundance of  t h e s e  y e a r  c l a s s e s  w i t h i n  a few 
months a f t e r  s e t t l i n g  of t h e  l a rvae .  
Our shore  sampling s t a t i o n s  i n i t i a t e d  i n  June 1977 were designed t o  
rnonitpr t h e  e n t i r e  Bay complex because t h e  drought i n  no r the rn  C a l i f o r n i a  
increased  s a l i n i t i e s  i n  t h e  e s tua ry .  We were n o t  s u r p r i s e d  t o  f i n d  t h a t  
by August our  two sampling s t a t i o n s  e a s t  of t h e  Carquinez Bridge i n  Suisun 
Bay (Por t  Chicago and Benicia)  showed heavy concen t r a t ions  of Dungeness 
c rabs .  By October t h e  s a l i n i t y  a t  P o r t  Chicago dropped t o  12.5 O/o, and 
t h i s  drop was r e f l e c t e d  i n  a r educ t ion  of t h e  October and November ca tch .  
The ca tches  of c r abs  a t  o u r  south  San Franc isco  Bay s t a t i o n s ,  always lower 
and more sporadic  t han  t h e  r e s t ,  became almost nonex i s t en t  i n  October and 
November. Concurrent wi th  these  r educ t ions ,  t h e  ca t ches  a t  o u r  n o r t h  
San Francisco Bay and San Pablo Bay s t a t i o n s  r o s e  and r e f l e c t e d  what 
appears  t o  be a conso l ida t ion  of c rabs  i n  t h a t  a r ea .  
I n  November we i n i t i a t e d  a 4-month (November t o  February) t r a w l  and 
r ing-net  survey from t h e  23-ft  v e s s e l  Crago wi th  s t a t i o n s  t h a t  correspond 
t o ' t h e  shore-based r i n g  n e t t i n g  s t a t i o n s .  The d a t a  c o l l e c t e d  t o  d a t e  from 
t h e  boa t  p a r a l l e l  t hose  from t h e  shore.  
P reda t ion  
Four hundred' seventy-six f i s h  stomachs c o l l e c t e d  dur ing  ou r  1976 c r u i s e s  
were examined. We i d e n t i f i e d  stomach con ten t  i t ems  t o  t h e  lowest  taxon 
poss ib l e .  A l l  C. magister j u v e n i l e s  found i n  stomachs were measured and 
sexed when poss ib l e .  We f e e l  t h a t  r e l a t i v e  s t r e n g t h s  of y e a r  c l a s s e s  are 
r e f l e c t e d  by t h e  frequency of occurrence of C. magister i n  f i s h  stomachs. 
The t o t a l  number of C. magister found i n  f i s h  stomachs and t h e  percentage  
of  stomachs con ta in ing  C. magister were much h ighe r  i n  1977 than  i n  t h e  
previous  2 yea r s ,  p a r t i c u l a r l y  1976 (Table 2 ) ;  t h u s ,  1977 appears  t o  be  
t h e  s t r o n g e s t  of t h e  y e a r  c l a s s e s  and 1976 t h e  weakest. 
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TABLE 2. Occurrence of C. magister i n  F ish  Stomachs, 1975-1977. 
Gulf of Fa ra l lones  Bay complex 
1975 1976 1977 1975 1976 1977 
No. stomachs 
examined 
No. con ta in ing  
C. magister 8 4 71  2 7 5 7 6 
% con ta in ing  
C. magister 2.4 1.1 14.0 9.7 4.2 18.3 
No. megalopae 
i n  stomachs 
No. j u v e n i l e s  
i n  stomachs 
From c r u i s e  77-A-5 (Apr i l  4-11) n i n e  of 34 f i s h  stomachs (26.5%) c o l l e c t e d  
from two Gulf s t a t i o n s  y i e lded  55 C. magister megalopae and s i x  f i r s t  s t a g e  
p o s t - l a r v a l  i n s t a r s .  We found no C. magister i n  104 stomachs taken  from t h e  
Bay dur ing  t h e  same week; however, we d i d  c o l l e c t  16  megalopae i n  two 
obl ique  plankton tows i n d i c a t i n g  t h a t  some young-of-the-year en t e red  t h e  Bay 
system b u t  had n o t  s e t t l e d  ye t .  
The r e s u l t s  of 77-KB-3 (May 5-22) c l e a r l y  i nd ica t ed  a s t r o n g e r  yea r  c l a s s  
i n  1977. Of 188 f i s h  stomachs analyzed from Gulf s t a t i o n s ,  27 (14.4% con- 
t a i n e d  15  megalopae, 1056 young-of-the-year, and one o l d e r  C. magister. Of 
209 Bay c o l l e c t e d  f i s h  stomachs, 6 1  (29.2%) contained 214 young-of-the-year 
and two o l d e r  C. magister. No o t h e r  brachyuran occurred a t . s u c h  a h igh  f r e -  
quency and magnftude. 
W e  examined 246 f i s h  stomachs c o l l e c t e d  from Gulf s t a t i o n s  dur ing  c r u i s e  
77-KB-4 (June 13-26). Twenty-six stomachs (10.6%) conta ined  f i v e  megalopae 
and 158 young-of-the-year. Of 75 f i s h  stomachs from Bay s t a t i o n s ,  12  
(16.0%) contained 49 young-of-the-year C. magister. 
We c o l l e c t e d  68 f i s h  stomachs (38 Gulf ,  30 Bay) dur ing  77-KB-9 
(September 22-October 7) t o  determine i f  p reda t ion  continued i n t o  t h e  f a l l .  
Nine stomachs (23.7%) from t h e  Gulf y i e lded  1 3  young-of-the-year and one 
o l d e r  crab.  Only t h r e e  stomachs (10.0%) from t h e  Bay contained crabs .  The 
s t eady  d e c l i n e  i n  frequency of occurrence of C. magister i n  f i s h  stomachs 
from t h e  Bay i s  n o t  caused n e c e s s a r i l y  by m o r t a l i t y  a lone .  The r e l a t i v e l y  
f a s t e r  growth r a t e  f o r  Dungeness c r abs  i n  t h e  Bay al lows them t o  reach  a 
s i z e  less vu lne rab le  t o  p reda t ion  by September. Most of t h e  c r abs  co l -  
l e c t e d  i n  t h e  Bay were g r e a t e r  than  40 mm (1.6 i nches )  carapace width (CW) 
and only t h r e e  c r abs  (two of them g r e a t e r  t han  40 mm CW) were found i n  f i s h  
stomach samples. I n  t h e  G u l f ' t h e  ma jo r i t y  of t h e  young-of-the-year c r abs  
c o l l e c t e d  by t r awl  were i n  t h e  15- t o  40-mm (0.6- t o  1.6-inch) CW s i z e  
range ,  and, concurren t ly ,  p reda t ion  occurred more f r equen t ly .  
The s i z e  f requencies  of young-of-the-year c r abs  c o l l e c t e d  i n  f i s h  
stomachs agree  w e l l  wi th  those  c o l l e c t e d  by t r awl .  I n  t h e  Gulf i n  e a r l y  
A p r i l ,  most of t h e  c r abs  found i n  f i s h  stomachs were i n  t h e  megalopal s t a g e  
and no young-of-the-year were caught i n  t r awl s .  By June we found t h a t  most 
of  t h e  c rabs  were young-of-the-year 6 t o  21 mm (0.2 t o  0.9 i nches )  CW; on ly  
a few were s t i l l  megalopae. I n  September t h e  few c rabs  c o l l e c t e d  i n  f i s h  
stomachs measured between 14 and 33 mm (0.6 and 1 .3  inches)  CW. 
I n  t h e  Bay most c r abs  from f i s h  stomachs c o l l e c t e d  i n  June measured 
14  t o  33 mm CW with a few between 40 and 44 mm (1.7 inches)  CW. The t h r e e  
c r a b s  c o l l e c t e d  from f i s h  stomachs i n  September measured 29, 48, and 60 mm 
(1.1, 1.9, and 2.4 inches)  CW. 
Fur ther  evidence t h a t  predatory f i s h  can r e f l e c t  t h e  r e l a t i v e  abundance 
of  young-of-the-year c rabs  comes from a comparison of t r a w l  CPUE (c rabs  pe r  
minute of t rawl ing)  t o  preda t ion  magnitude (crabs-per-fish-stomach f o r  a l l  
f i s h  c o l l e c t e d  a t  a given s t a t i o n ) .  Of 29 Bay s t a t i o n s  sampled, t h e  10 
t r awl  ca tches  wi th  t h e  h ighes t  CPUE occurred a t  s t a t i o n s  i n  t h e  main s h i p  
channel  i n  n o r t h  San Francisco and San Pablo Bays, These same s t a t i o n s  
accounted f o r  10 of 11 of t h e  b e s t  y i e l d s  of c rabs  from f i s h  stomach 
ana lyses .  
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A s i m i l a r  s i t u a t i o n  occurred i n  t h e  Gulf s t a t i o n s .  Four of 21  Gulf 
t r awl  s t a t i o n s  y i e lded  young-of-the-year crabs.  Crabs were found i n  f i s h  
stomachs from e i g h t  s t a t i o n s ,  i nc lud ing  t h e  aforementioned f o u r  t r a w l  
s t a t i o n s .  
Not only do demersal f i s h  stomach con ten t s  appear  t o  r e f l e c t  c rab  y e a r  
c l a s s  s t r e n g t h ,  b u t  t he  f i s h  seem t o  be more e f f i c i e n t  i n  sampling t h e  new 
c rab  year  c l a s s  than  our  t r a d i t i o n a l  methods. 
Twelve stomachs from commercially caught s i l v e r  salmon, Oncorhynchus 
kisutch, were c o l l e c t e d  by non-project personnel  i n  e a r l y  May 1977 from 
va r ious  s e c t i o n s  of t he  Gulf of t h e  Fara l lones .  We p rev ious ly  have n o t  
examined stomachs from 0. kisutch, bu t  i t  appears  t h a t  t h i s  p r e d a t o r  has  
t h e  p o t e n t i a l  t o  cause s i g n i f i c a n t  m o r t a l i t y  dur ing  t h e  Dungeness c r a b ' s  
megalopal s tage .  Eight  of t h e  stomachs examined contained 1061 megalopae. 
We compiled a l i s t  (Table 3)  of a l l  f i s h  spec i e s  i n  which we have 
found C. magister from 1975 t o  t h e  p re sen t  i n  order  of dec reas ing  impact on 
t h e  c rab  populat ion,  The r e l a t i v e  s t r e n g t h  of t h e  1977 yea r  c l a s s  i s  a g a i n  
ev iden t  from t h e  t o t a l  number of f i s h  s p e c i e s  found t o  have e a t e n  c rab  l a r -  
vae i n  1977 and from t h e  average number of c rabs  p e r  stomach. We have 
examined stomachs from 60 spec i e s  of f i s h  and 25 have f ed  on C. magister. 
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CRAB ENVIRONMENT PROJECT STUDIES 
by 
5 / Paul W. Wild and Charles W. Haugen- 
During 1977 the Dungeness Crab Environment Project continued investiga- 
tions of natural and man-caused changes in the environment which could be ' 
related to the long-term decline in the San Francisco area crab population 
and low commercial fishery landings. Work continued on two major sub-units: 
natural environmental factors and environmental toxicants. 
Natural Environmental Factors 
Work was directed toward statistical analyses of historical oceanog- 
raphy versus crab landings, laboratory experiments on the relationship 
between crab spawning and seawater temperatures, and studies of reproduc- 
tive development and mating success in female crabs. 
Oceanography Versus Crab Landings and Life History 
Work continued during 1977 on correlating oceanographic parameters with 
crab landings data. We concentrated on the San Francisco area this year. 
Environmental factors may affect, favorably or unfavorably, crab abun- 
dance at any stage in the life history. Any significant fluctuations in 
crab abundance should be reflected in commercial crab landings. 
In central California a majority of crabs enter the commercial fishery 
(males only may be taken legally) at about 3 years of age while some are 
taken as early as 2 or as late as 4 years of age or older. Commercial fish- 
ery landings are thought to be representative of the size of the population 
and a rough index of year-class strength of 3 year old crabs. By allowing 
5 /  Operations Research Branch, 2201 Garden Rd., Monterey, CA. 93940 
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appropriate lag times, regressions can be used to test for effects of 
environmental conditions on crab abundance. 
Methods and Materials. Two types of regression analyses were run: 
(1) simple regressionscomparing crab landings to individual oceanographic 
parameters including the periods from 1948-1961 (pre-decline years), 1962- 
1975 (years during the decline), and the entire period from 1948-1975; and 
(2) stepwise, backward, multiple regressions for the period from 1948-1974. 
In both sets of regression analyses oceanographic data were grouped into 
quarters which coincide with specific life history phenomena and approxi- 
mate oceanographic periods (Table 4). 
TABLE 4. Corresponding Quarters, Dungeness Crab Life History Stages, and 
Oceanographic Periods. 
Quarter Dungeness crab life history stage Oceanographic period 
Dec - Feb Eggs hatch. Early larval stages Davidson Current period. 
present in plankton. 
Mar - May Larval development and metamor- Early upwelling period. 
phosis to early crab instars. 
Adult females molt and mating 
occurs. Large juveniles begin 
leaving San Francisco Bay. 
Jun ' - Aug Adult males molt. Large numbers Peak upwelling period to 
of small juveniles have migrated onset of oceanic period. 
into San Francisco and San Pablo 
Bays. 
Sep - Nov Females spawn, brood eggs. Oceanic period to onset 
of Davidson Current 
period. 
Lag times of 0 to 4 years between oceanographic parameters and landings 
data were used in the regression analyses. Oceanographic parameters included 
sea s u r f a c e  temperatures  and d e n s i t i e s ,  Monterey Bay temperatures  a t  30-m 
depth,  upwell ing a t  Po in t  Arena and Po in t  S t .  George, wind s t r e s s  c u r l ,  s e a  
level co r rec t ed  f o r  a tmospheric  p re s su re ,  uncorrec ted  s e a  l e v e l ,  atmospheric 
p re s su re  and r i v e r  flow r a t e s  (es t imated  flow through t h e  De l t a  i n t o  San 
Pablo Bay). 
Resu l t s .  I n  organiz ing  d a t a  from t h e  s imple r e g r e s s i o n s  f o r  t h e  
pe r iods  1948-1961 and 1962-1975 we s e l e c t e d  c o r r e l a t i o n  c o e f f i c i e n t s  ( r )  of 
f 0.60 o r  g r e a t e r  (99% l e v e l  of  s i g n i f i c a n c e ,  r = 0.641), and f o r  1948-1975 
we s e l e c t e d  r v a l u e s  of t 0.50 o r  g r e a t e r  (99% l e v e l  of s i g n i f i c a n c e ,  
r = 0.470). I n  d i r e c t  cause and e f f e c t  r e l a t i o n s h i p s  t h e  squa re  of t h e  
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c o r r e l a t i o n  c o e f f i c i e n t  ( r  ) r e p r e s e n t s  t h e  percentage of t h e  v a r i a t i o n  
which is expla ined  by t h e  c o r r e l a t i o n .  Even i f  a d i r e c t  r e l a t i o n s h i p  e x i s t s ,  
bu t  t h e  c o r r e l a t i o n  i s  obscured by poor  d a t a ,  i t  would be d i f f i c u l t  t o  d i s -  
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ce rn  t h e  r e l a t i o n s h i p  from t h e  r e s u l t i n g  low r va lues .  
I f  a s i n g l e  environmental f a c t o r  o r  a s e t  of f a c t o r s  caused t h e  d r a s t i c  
long-term c rab  d e c l i n e ,  f a i r l y  h igh  r va lues  should be obta ined  assuming t h e  
d a t a  bases  a r e  reasonably accu ra t e ,  p r e c i s e ,  and complete. Commercial c rab  
l and ings  a r e  n o t  a ve ry  p r e c i s e  index of year -c lass  s t r e n g t h s .  Also, some 
of t h e  oceanographic d a t a  s e r i e s  have occas iona l  gaps, and t h e  d a t a  p o i n t s  
we used a r e  monthly means which could obscure extremes which may be more 
important  than  means. Furthermore, f o r  c r e d i b i l i t y  a s  w e l l  a s  l a b o r a t o r y  
and f i e l d  t e s t i n g ,  any s i g n i f i c a n t  c o r r e l a t i o n s  must be exp la inab le  i n  terms 
o f  c r ab  b io logy  and oceanography. 
Seve ra l  of t h e  r va lues  from t h e  s imple  r eg re s s ions  were g r e a t e r  t han  
+ 0.60 f o r  pre-decl ine and d e c l i n e  y e a r s  and g r e a t e r  than  + 0.50 f o r  t h e  
e n t i r e  per iod  (Table 5). 
TABLE 5. Selected Correlation Coefficients from Simple Regressions of Crab 
Landings and Oceanographic Parameters* by Lag Time and Quarter. 
Period 1948-1975 
Period 1948-1961 
Lag time (years) 0 1 2 3 4 
Lag time (years 
Quarter 
Dec - Feb 
Mar - May 
Jun - Aug 
Sep - Nov 
Quarter 
Dec - Feb 
Mar - May 
Jun - Aug 
Sep - Nov 
(USL) (CSL) 
-0.60 -0.61 
(CSL) 
-0.50 
(WSC) 
0.54 
(CSL) 
-0.52 
(WSL) (CSL) 
-0.63 -0.66 
Period 1962-1975 
(WSC) (MBT) 
-0.61 0.69 
(MBT) 
0.74 
(WSC) 
0.63 
(USL) (CSL) 
-0.63 -0.62 
(UPS) (USL) (CSL) 
-0.58 -0.60 -0.61 
* Oceanographic parameters 
SST - Sea Surface Temperature USL - Uncorrected Sea Level 
SSD - Sea Surface Density CSL - Corrected Sea Level 
UPS - Upwelling Pt. St. George AP - Atmospheric Pressure 
UPA - Upwelling Pt. Arena MBT - 30 m Monterey Bay Temperatures 
WSC - Wind Stress Curl RF - River Flow 
(MBT) 
-0.66 
(WSC) 
-0.80 
(Ap) 
0.62 
(MBT) - 
-0.60 
(MBT) 
-0.79 
(MBT 
-0.62 
-0.68 
(USL) (AP) 
-0.69 0.66 
(MBT ) 
-0.83 
Using t h e  same q u a r t e r s  and oceanographic parameters  as i n  t h e  s imple 
r eg re s s ions  (Table 4 ) ,  m u l t i p l e  r eg re s s ions  were run wi th  bo th  landings  
and l o g  va lues  of t h e  landings.  The r va lues  from m u l t i p l e  r e g r e s s i o n s  
cannot be  expressed a s  s imple  p o s i t i v e  o r  nega t ive  va lues  s o  c o e f f i c i e n t  
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of  de te rmina t ion  ( r  ) va lues  a r e  used. 
The h i g h e s t  rL va lue  (0.82) was obta ined  f o r  t h e  March-May pe r iod  wi th  
a ze ro  y e a r  l a g  between landings  ( log  va lues )  and seven oceanographic 
f a c t o r s .  This  t ime q u a r t e r  and i t s  a s s o c i a t e d  oceanography wi th  a ze ro  y e a r  
l a g  occur  a f t e r  t h e  major p o r t i o n  of t h e  landings  a r e  taken each year .  It 
is  t h e r e f o r e  extremely u n l i k e l y  t h a t  any r e l a t i o n s h i p  e x i s t s ,  and we cons ider  
t h i s  c o r r e l a t i o n  co inc iden ta l .  
The c o e f f i c i e n t  of de te rmina t ion  provides  a measure of t h e  p ropor t ion  
of t h e  v a r i a t i o n  i n  l and ings  expla ined  by a r e g r e s s i o n  a n a l y s i s .  Seve ra l  r 2 
va lues  ranging  from 0.61 t o  0.73 were obta ined  wi th  2-, 3- and 4-year l a g s  
dur ing  December-February and September-November q u a r t e r s .  A t  l e a s t  f i v e  o r  
s i x  oceanographic parameters  remained i n  t h e  r e g r e s s i o n  i n  each of t hese .  By 
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r e f e r r i n g  t o  t h e  s imple  r eg re s s ions ,  t h e  h igh  r va lues  appeared t o  be  bol- 
s t e r e d  l a r g e l y  by sea l e v e l  va lues  which a r e  h i g h l y  c o r r e l a t e d  t o  landings .  
Discussion. Considering t h e  l i m i t a t i o n s  i n  u s ing  c rab  l and ings  a s  an 
index of year -c lass  s t r e n g t h  and abundance of c r abs ,  some r a t h e r  s t r o n g  cor- 
r e l a t i o n s  were obtained.  However, t h e  c o r r e l a t i o n s  must b e  expla ined  i n  t e r m s  
of c r ab  b io logy  and oceanography i n  o rde r  t o  suppor t  reasonable  hypotheses r e -  
l a t i n g  t o  t h e  c r ab  dec l ine .  Some of t h e  c o r r e l a t i o n s  can be r e j e c t e d  on t h i s  
b a s i s .  For example, f a c t o r s  w i th  0- o r  1-year l a g s  would have t o  a f f e c t  
a d u l t  male c r abs  of l e g a l  and/or  sub-legal  s i z e s  i n  o rde r  t o  a f f e c t  c r ab  
landings.  P o s s i b l e  causes  of e f f e c t s  on l and ings  could b e  l a r g e  d ie -of fs  
of a d u l t  c r abs  o r  l a r g e  numbers of c r a b s  n o t  mol t ing  and reaching  l e g a l  s i z e  
be fo re  o r  dur ing  t h e  commercial season. Evidence t h a t  t h e s e  s i t u a t i o n s  have 
n o t  occurred is  a v a i l a b l e  from pre-season c r u i s e s  from which t h e  coming 
y e a r ' s  seasonal  landings  have been p red ic t ed  w i t h  some success  f o r  q u i t e  a  
few years .  Crab i n t e r m o l t  cond i t i on  a s  determined on t h e s e  c r u i s e s  would 
have i n d i c a t e d  i f  l a r g e  numbers of  c r a b s  were de l ay ing  molt ing.  
The c o r r e l a t i o n s  which appear  t o  f i t  a reasonable  hypothes is  b e s t  a r e  
expressed i n  t h e  r va lues  f o r  s e a  l e v e l  d a t a ,  bo th  co r r ec t ed  and uncorrec ted ,  
i n  t h e  s imple r e g r e s s i o n s  f o r  t h e  per iod  1948-1975 (Table 5). Of t h e s e ,  cor- 
r e c t e d  s e a  l e v e l s  (atmospheric p re s su re  removed) produced t h e  h i g h e s t  cor- 
r e l a t i o n  va lues .  
Sea l e v e l  d a t a  a r e  considered good i n d i c a t o r s  of ocean c u r r e n t s  which 
dur ing  t h e  l a t e  f a l l  and w i n t e r  a r e  r ep re sen ted  l o c a l l y  by t h e  Davidson 
Current ,  a  south  t o  n o r t h  c u r r e n t  a long  t h e  C a l i f o r n i a  coas t .  Strong cur- 
r e n t s  of t h i s  type  a t  t h e  t ime of ha t ch ing  could c a r r y  l a r v a e  n o r t h  ou t  of 
t h e  Gulf of t h e  Fa ra l lones  t o  a r e a s  where s t r o n g  upwelling could sweep them 
out  t o  s ea .  However, a n a l y s i s  of t h e s e  d a t a  is  be ing  approached cau t ious ly .  
Sea l e v e l s  i n  t h e  San Franc isco  a r e a  have been showing a  g radua l  rise f o r  
many years .  This  i s  due p o s s i b l y  t o  land  subsidence which lowers  t h e  r e f e r -  
ence p o i n t  r e l a t i v e  t o  t h e  sea .  However, i f  t h i s  rise were t h e  cause  of t h e  
c o r r e l a t i o n  wi th  c rab  l a n d i n g ~ ~ s i g n i f i c a n t  c o r r e l a t i o n s  might be  expected t o  
show up i n  a l l  q u a r t e r s  w i t h  a l l  l a g  t imes.  
The s e a  l e v e l  va lues  a l s o  appear t o  be  p a r t l y  r e spons ib l e  f o r  t h e  h igh  
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r va lues  i n  t h e  m u l t i p l e  r eg re s s ions .  Analysis  of a l l  of t h e  c o r r e l a t i o n s  
is  cont inuing ,  and combinations of d a t a  from d i f f e r e n t  q u a r t e r s  a r e  be ing  
considered f o r  regress ion .  
In addition, pre-season cruise data are being analyzed in an attempt 
to develop a better index of year class strengths for use in the regression 
analyses. Preliminary analysis indicates that these data may have some 
value for this purpose. 
Crab Spawning and Water Temperature Relationships 
Experimental work on the relationship between female Dungeness crab 
spawning and seawater temperature was continued at the Marine Culture 
Laboratory (MCL) during 1977. Continuing objectives are (1) to investi- 
gate relationships between ocean temperature and female crab spawning time 
and behavior, and (2) to investigate effects of ocean temperature and spawn- 
ing on feeding rates in female crabs. 
A preliminary, small-scale experiment begun in mid-1976 was completed 
in early 1977, and a more intensive experiment was begun in June 1977. 
In the preliminary experiment a female crab held in seawater that was 
gradually raised to about 17 C during July and August, spawned on September 9, 
1976. Another crab held in seawater at about 10 C had not spawned by 
late January 1977. The temperature was gradually raised to about 18 C dur- 
ing February and early March and this crab spawned on March 7, 1977. Two 
additional crabs died during the experiment without spawning. 
The limited results of this preliminary work suggest that female crab 
spawning is related to a rise in water temperature. Whether the tempera- 
ture rise induces spawning or hastens conditioning necessary for spawning 
was not determined. However, this preliminary work provided the basis for 
a more intensive experiment. 
Methods and Mate r i a l s .  During June 1977, f i v e  aqua r i a  wi th  sand beds 
and a e r a t e d ,  sub-sand f i l t e r s  were s e t  up a t  MCL. Each aquarium was d iv ided  
i n t o  fou r  compartments wi th  d i v i d e r s  which allowed f r e e  water  flow between 
compartments. The a q u a r i a  were supp l i ed  wi th  f i l t e r e d ,  u l t r a v i o l e t - t r e a t e d  
seawater .  Four, r e c e n t l y  molted, a d u l t  female c r abs  (two each from 
San Francisco and Eureka a r e a s )  were placed i n  each aquarium. The c r a b s  
ranged i n  s i z e  from 132 t o  151  mm (5.2 t o  6.0 i nches ) .  
The c rabs  were acc l imated  a t  ambient seawater  temperatures  f o r  a few 
days be fo re  temperature c o n t r o l  was begun. Two aqua r i a  were supp l i ed  from 
a seawater  r e s e r v o i r  w i th  a r e f r i g e r a t i o n  u n i t  s e t  t o  main ta in  t h e  water  
a t  about  10 C. Two aqua r i a  received seawater  g radua l ly  r a i s e d  t o  and he ld  
a t  about 17 C by mixing ambient and hea ted  seawater .  The f i f t h  aquarium, 
which served a s  a c o n t r o l ,  cont inued t o  r e c e i v e  ambient l a b o r a t o r y  seawater .  
Ambient temperatures  f l u c t u a t e d  w i t h i n  l i m i t s  between warm and co ld  con- 
t r o l l e d  temperatures .  
The c rabs  were f ed  p i eces  of squ id ,  LoZigo opazescens,  t o  excess  t h r e e  
t i m e s  p e r  week. Th i s  d i e t  was supplemented w i t h  P a c i f i c  Ocean shrimp, 
PanduZus jordani, beginning wi th  one per  f eed ing  on J u l y  15  and i n c r e a s i n g  
t o  two per  f eed ing  on August 1. 
Observat ions of behavior ,  seawater  temperatures ,  and amounts of food 
e a t e n  were recorded t h r e e  t imes p e r  week. 
Resul t s .  Temperature c o n t r o l  w a s  l e s s  p r e c i s e  than  planned, pa r t i cu -  
l a r l y  i n  t h e  co ld  seawater  (F igure  4).  Th i s  was due t o  supply ing  water  t o  
two aqua r i a  i n s t e a d  of one ( a s  i n  t h e  p re l imina ry  experiment),  which r equ i r ed  
a h i g h e r  water  flow through t h e  c h i l l e d  seawater  r e s e r v o i r ,  and h i g h e r  t han  
usua l  a i r  and ocean temperatures .  These f a c t o r s  p laced  a heavy load  on t h e  
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seawater  c h i l l e r .  Some temporary f l u c t u a t i o n s  i n  both warm and co ld  con- 
t r o l l e d  temperatures  were due t o  h e a t  exchanger malfunct ion,  e l e c t r i c a l  
over load ,  and ocean intake-pump problems. 
Crab s u r v i v a l  g e n e r a l l y  was very  good. One c rab  i n  co ld  water  d i ed  
a few days a f t e r  we began t h e  experiment and was rep laced .  Another c r ab  
i n  co ld  water  d i ed  on June 22 and was n o t  rep laced .  Kowever, i n  mid- 
August, ocean intake-pump problems r e s u l t e d  i n  a s eve re ly  reduced f low t o  
one of t h e  warm water  aquar ia .  A t  t h e  same time one of t h e  a e r a t o r s  
became plugged. By t h e  t ime t h e s e  cond i t i ons  were noted ,  t h e  f o u r  c r a b s  
i n  t h e  aquarium were dead. A l l  1 5  remaining c rabs  appeared h e a l t h y  and 
even tua l ly  spawned. 
The f i r s t  spawning occurred on September 12 by a Eureka a r e a  c r ab  i n  
ambient seawater .  By October 28, a l l  c r abs  i n  a l l  t h r e e  tempera tures  had - 
spawned. Although t h i s  was unexpected i n  t h e  co ld  seawater ,  some d e f i n i t e  
t r e n d s  were ev ident  i n  t h e  t ime and o rde r  of spawning. 
Spawning i n  each temperature regime appeared t o  co inc ide  w i t h  o r  
fo l low a gradual  rise i n  seawater  temperature (Figure 4 ) .  The gradual  r i s e  
i s  more apparent  i n  ambient and co ld  temperature p r o f i l e s .  
Ove ra l l ,  t h e r e  was a tendency f o r  c r abs  i n  ambient and w a r m  seawater  
aquar ia  t o  spawn be fo re  c r a b s  i n  co ld  seawater  aqua r i a ,  e s p e c i a l l y  when 
considered by a r e a  of o r i g i n .  A l l  Eureka a r e a  c r abs  i n  ambient and warm 
seawater  spawned be fo re  Eureka a r e a  c r abs  i n  co ld  seawater ;  a l l  b u t  one 
San Francisco a r e a  c r ab  i n  ambient and w a r m  seawater  spawned b e f o r e  San 
Franc isco  a r e a  c rabs  i n  co ld  seawater .  
In  each aquarium, i n  a l l  temperature regimes, Eureka a r e a  c r abs  spawned 
be fo re  San Franc isco  a r e a  c rabs .  
Average f eed ing  r a t e s  were i n i t i a l l y  h ighe r  dur ing  June and J u l y  f o r  
c r abs  i n  ambient and co ld  seawater .  However, i n  August, f eed ing  r a t e s  i n  
ambient and co ld  seawater  dropped somewhat wh i l e  t h e  r a t e  f o r  c r abs  i n  warm 
water  cont inued t o  climb. These changes i n  f eed ing  r a t e s  coincided wi th  
t h e  i n c r e a s e  of shrimp i n  t h e  d i e t  (F igure  5) .  
A t  about  t h e  t ime of spawning, f eed ing  r a t e s  dropped d r a s t i c a l l y  i n  
a l l  temperature regimes and remained low dur ing  t h e  egg-brooding per iod .  
Crabs i n  warm water  cont inued t o  e a t  t h e  most food dur ing  t h i s  per iod.  
Egg development proceeded f a s t e r  i n  warm and ambient seawater  than  i n  
cold.  A c rab  i n  warm water  which spawned on September 19 hatched l a r v a e  
on November 22. Egg masses on t h e  o t h e r  e a r l y  spawners i n  warm and ambient 
seawater  appeared c l o s e  t o  ha t ch ing  by t h e  end of November. 
Discussion.  The f i r s t  ovigerous Dungeness c r ab  i n  t h e  wi ld  was 
observed t h i s  y e a r  i n  t h e  Gulf of  t h e  Fa ra l lones  on September 28 du r ing  t h e  
September c rab  r e sea rch  c ru i se .  By t h i s  t ime, s i x  of t h e  l a b o r a t o r y  c rabs  
( a l l  bu t  one from Eureka) had spawned. The f i r s t  spawning of a  l a b o r a t o r y  
c rab  from t h e  San Franc isco  a r e a  was observed on September 21, which i s  very  
c l o s e  t o  t he  onse t  of spawning t h i s  yea r  i n  t h e  wild.  I n  1976, c r ab  spawn- 
i n g  began i n  t h e  Gulf of t h e  Fa ra l lones  i n  t h e  f i r s t  week i n  October. 
Although h i s t o r i c a l  records  of  t h e  onse t  of spawning a r e  few, t h e r e  i s  some 
evidence t h a t  t h e  onse t  of  spawning i n  1976 and 1977 may be e a r l i e r  than  
usual .  
D i f f i c u l t i e s  i n  main ta in ing  c o n t r o l l e d  temperatures  a s  c l o s e l y  a s  
planned precluded de termina t ion  of whether a  cons t an t  co ld  tempera ture  
would prevent  spawning. Therefore ,  i n t e r p r e t a t i o n  of t h e  r e s u l t s  must be 
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approached cau t ious ly .  Never the less ,  n e a r l y  concurren t  spawning fo l lowing  
c o i n c i d e n t a l  g radua l  temperature rises i n  a l l  t h r e e  l a b o r a t o r y  temperature 
regimes appears  t o  suppor t  a  hypothes is  t h a t  spawning i s  r e l a t e d  t o ,  and 
may be  induced by, a  temperature r i s e .  However, t h e  f a c t  t h a t  c r abs  i n  
warm water  d i d  n o t  spawn soon a f t e r  a n  i n i t i a l  temperature r i s e  i n  l a t e  
June (Figure 4 )  sugges t s  t h a t  t h e  o v a r i e s  were n o t  mature enough f o r  
temperatures  t o  a f f e c t  spawning. 
The e a r l i e r  spawning by Eureka c rabs  i n  t h e  l a b o r a t o r y  i s  of i n t e r e s t  
because female c r a b s  i n  no r the rn  C a l i f o r n i a  u s u a l l y  spawn and ha t ch  l a r v a e  
l a t e r  than  i n  c e n t r a l  C a l i f o r n i a .  It may be  t h a t  l a b o r a t o r y  c rabs  from t h e  
Eureka a r e a ,  be ing  adapted t o  co lde r  temperatures  i n  t h e  wi ld ,  responded 
f a s t e r  t o  warmer experimental  temperatures  than  San Franc isco  c rabs  which 
a r e  adapted t o  tempera tures  c l o s e r  t o  those  i n  t h e  experiment.  
The e f f e c t  of  & t e r  temperature on feeding  r a t e s  was more n o t i c e a b l e  
i n  warm water .  A lower i n i t i a l  feeding  r a t e  i n  warm water  may be  an  ind ica-  
t i o n  of g r e a t e r  s t r e s s  dur ing  t h i s  per iod .  However, a s  t h e  c r abs  appa ren t ly  
adapted t o  t h e  warm water ,  feeding  r a t e s  r o s e  a s  expected. The quick  demise 
of t h e  c r abs  i n  a warm water  aquarium a f t e r  water  and a i r  flows malfunc- 
t i oned  a l s o  sugges ts  a  lower t o l e r a n c e  t o  changes i n  t h e  environment a t  
t hese  temperatures .  
A drop i n  feeding  r a t e s  i n  co ld  and ambient seawater  a f t e r  an i n c r e a s e  
of shrimp i n  t h e  d i e t  may be due t o  n u t r i t i o n a l  f a c t o r s .  Laboratory s t u d i e s  
of j u v e n i l e  c r abs  show a h ighe r  conversion r a t i o  f o r  b r i n e  shrimp than  f o r  
squid.  I f  t h i s  i s  a l s o  t r u e  f o r  o t h e r  c rus tacean  food i tems  such a s  P a c i f i c  
Ocean shrimp, i t  could exp la in  t h i s  drop. 
Resu l t s  of t h i s  experiment have important  imp l i ca t ions  f o r  understand- 
i n g  and observing e f f e c t s  of oceanography on t h e  time of spawning and 
ha tch ing  and on d i s t r i b u t i o n ,  abundance, and s u r v i v a l  of  c rab  l a r v a e .  
Larvae hatched dur ing  t h e  Davidson per iod  could be swept n o r t h  from t h e  
Gulf of t h e  Fa ra l lones .  The Po in t  Arena a r e a ,  about 160 km (100 mi l e s )  
n o r t h  of  San Franc isco ,  i s  noted f o r  i t s  s t r o n g  upwell ing u s u a l l y  beginning 
i n  t h e  e a r l y  spr ing .  Larvae c a r r i e d  i n t o  t h i s  a r e a  could be swept f a r  o f f -  
shore  be fo re  metamorphosis t o  t h e  c r ab  s t a g e  would occur.  
W e  p l a n  t o  cont inue  t h e  p re sen t  l a b o r a t o r y  experiment u n t i l  a l l  of t h e  
l a r v a e  ha tch  t o  o b t a i n  informat ion  on e f f e c t s  of water  temperature on t h e  
t ime from spawning t o  ha tch ing .  W e  a l s o  p l an  t o  r e p e a t  t h e  experiment i n  
1978 w i t h  more p r e c i s e  temperature c o n t r o l s .  
Development of Ovaries  and Mating Success 
We continued t o  sample female c r a b s  from t h e  San Franc isco  and Eureka 
a r e a s  f o r  comparative s t u d i e s  of ova r i an  development and mating success .  
Methods and Mate r i a l s .  - Female c rabs  were c o l l e c t e d  i n t e r m i t t e n t l y  on 
r e sea rch  c r u i s e s ,  from Departmental p a t r o l  v e s s e l s ,  and from commercial 
fishermen. The c rabs  w e r e  f rozen  f o r  l a t e r  examination i n  t h e  l abo ra to ry .  
We cont inued t o  determine ova r i an  developnent by weight and c o l o r  a s  - 
descr ibed  i n  t h e  1976 program r e p o r t .  Mating success  was determined by 
examination of d i s s e c t e d  female r ep roduc t ive  t r a c t s  f o r  presence of  
sperm i n  t h e  spermathecae. D i s sec t ion  techniques  were modified t h i s  
y e a r  t o  improve r ep roduc t ive  t r a c t  p repa ra t ions  f o r  obse rva t ion  of  mating 
success .  Samples of r ep roduc t ive  t r a c t s  were preserved  f o r  microscopic 
examination of ova and sperm. 
Resul t s .  From mid-1976 through November 1977, 103 c rabs  from t h e  
Eureka a r e a  and 272 from t h e  San Franc isco  a r e a  were examined. Samples now 
have been examined f o r  over  one annual  cyc l e  f o r  t h e  San Franc isco  a r e a  and 
f o r  most of an annual  cyc l e  f o r  t h e  Eureka a rea .  P a t t e r n s  i n  ova r i an  
development and mating t ime and success  a r e  becoming ev iden t .  
I n  bo th  a r e a s  development of ova begins  soon a f t e r  t h e  c r a b s  spawn and 
a r e  s t i l l  brooding eggs. However, t h e  two popula t ions  soon begin  t o  show 
d i f f e r e n t  p a t t e r n s  of development. Average weights  of t h e  o v a r i e s  i n  c r abs  
from t h e  Eureka a r e a  a r e  g r e a t e r  than  i n  c r abs  of comparable s i z e s  from t h e  
San Franc isco  a rea .  Th i s  p a t t e r n  becomes ev iden t  by Apr i l  o r  May and 
appears  t o  cont inue  i n t o  t h e  spawning season. 
Whether t h e  sma l l e r  ova r i e s  i n  some San Francisco c rabs  a r e  due t o  
slower development of ova o r  fewer ova be ing  produced than  i n  Eureka a r e a  
c r abs  is  n o t  c l e a r  $:t. Development i n  t hese  o v a r i e s ,  a s  i n d i c a t e d  by t h e i r  
c o l o r ,  i n  most ca ses  appears  t o  be  progress ing  w e l l  by J u l y  o r  August. Conl- 
p l e t i o n  of microscopic examination of ova may c l a r i f y  t h i s .  
Improved d i s s e c t i o n  techniques have made us  aware t h a t  de te rmina t ions  
of mating success  i n  1976 were i n  e r r o r .  Samples t h i s  y e a r  from both  Eureka 
and San Franc isco  a r e a s  i n d i c a t e  a h igh  l e v e l  of mating success .  I n  t h e  
June sample n e a r l y  90% of t h e  a d u l t  female c r abs  from t h e  San Franc isco  a r e a  
had molted and mated r ecen t ly .  A smal l  sample from t h e  Eureka a r e a  exh ib i t ed  
a s i m i l a r  t rend .  Pre l iminary  r e s u l t s  i n d i c a t e  t h a t  most of t h e  mating occurs  
e a r l i e r  i n  t h e  San Franc isco  a r e a  than  i n  t h e  Eureka a rea .  
Discussion.  The r e l a t i v e l y  sma l l e r  o v a r i e s  i n  c r abs  taken  o f f  San 
Franc isco  could be due t o  t h e  f a c t  t h a t  c rabs  grow f a s t e r  i n  t h i s  a r e a ,  and 
more energy may be  used f o r  growth and s u s t a i n i n g  a h ighe r  metabolism i n  
t h e  warmer water.  Whatever t h e  reason ,  t h e r e  a r e  imp l i ca t ions  f o r  e f f e c t s  
on c rab  p r o d u c t i v i t y  i n  t h e  San Franc isco  a r e a .  Smaller o v a r i e s  would be 
expected t o  produce s m a l l e r  egg masses and thus ,  fewer l a rvae .  Such a 
lowered reproduct ive  p o t e n t i a l  would make t h e  c rab  popula t ion  more suscep- 
t i b l e  t o  changes i n  oceanography and p o l l u t i o n .  This  a spec t  of reptoduc- 
t i v e  potent ial .  needs t o  be explored f u r t h e r .  We p lan  t o  cont inue  wi th  t h i s  
work through 1978. 
Environmental Toxicants  
Work was d i r e c t e d  toward (1) l a b o r a t o r y  b ioas says  of t o x i c  t r a c e  e l e -  
ments i n  j u v e n i l e  Dungeness c r abs ,  ( 2 )  completion of pre l iminary  work on 
petroleum hydrocarbons i n  Dungeness c r abs ,  and (3) p repnrz t ion  of proposa ls  
f o r  augmentation, r e s e a r c h  on t o x i c  t r a c e  elements ,  petroleum hydrocarbons, 
* 
and e f f e c t s  of ch lo r ine - t r ea t ed  wastes .  
Toxic Trace Elemen= 
Background. E a r l i e r  work has  shown t h a t  c r a b s  from t h e  San Franc isco  
a r e a  had much h igher  t i s s u e  l e v e l s  of cadmium, s i l v e r ,  and selenium than  
those  from t h e  Eureka a r e a  (Orcut t  e t  a l .  1976).  Work was begun t o  de t e r -  
mine t h e  s i g n i f i c a n c e  of t h e s e  h ighe r  l e v e l s  by means of b ioas says  con- 
ducted a t  t h e  nepartment 's  Marine Eioassay Laboratory (MBL) a t  Gran i t e  
Canyon. 
W e  b e l i e v e  t h a t  t h e  g r e a t e r  p a r t  of t hese  t i s s u e  burdens of t o x i c  e l e -  
ments a r e  acqui red  by t h e  c rabs  a s  j u v e n i l e s  wh i l e  r e s i d i n g  i n  t h e  
San Francisco-San Pablo Bay complex. Therefore ,  j u v e n i l e  c r abs  a r e  used i n  
t h e  b ioassays .  
Before  b i o a s s a y s  were  begun, a s t u d y  was under taken  t o  d e t e r m i n e  back- 
ground l e v e l s  o f  t h e s e  t h r e e  t o x i c  e lements  i n  l a b o r a t o r y  seawate r ,  a t  m L  
and a l s o  i n  t h e  t i s s u e s  of j u v e n i l e  c r a b s  r a i s e d  a t  t h e  Marine C u l t u r e  
Labora to ry  (MCL). T h i s  s t u d y  was suppor ted  by f u n d i n g  from t h e ' s t a t e  Water 
Resources  C o n t r o l  Board. Leve l s  of cadmium i n  l a b o r a t o r y  s e a w a t e r  and cad- 
mium and s i l v e r  i n  c r a b  t i s s u e s  were  de te rmined  by a tomic  a b s o r p t i o n  s p e c t r o -  
photometry  a t  Moss Landing Marine L a b o r a t o r i e s .  Seawater  a t  MBL was found 
t o  c o n t a i n  47 + 1 . 1 5  p a r t s  p e r  t r i l l i o n  of cadmium. A range  of 10 t o  150 
p a r t s  p e r  t r i l l i o n  i s  c o n s i d e r e d  r e p r e s e n t a t i v e  o f  c l e a n  t o  contaminated sea- 
w a t e r ,  r e s p e c t i v e l y .  T i s s u e  c o n c e n t r a t i o n s  o f  cadmium averaged 0.50 5 0.14 
p a r t s  p e r  m i l l i o n  f o r  i n s t a r  I1 j u v e n i l e s  and 2.25 f l . 1 3  ppm f o r  o l d e r  
j u v e n i l e s .  Corresponding t i s s u e  l e v e l s  of s i l v e r  were  0.122 + 0.03 ppm and 
0.38 t- 0.05 ppm. Some t e c h n i q u e s  f o r  d e t e r m i n i n g  s i l v e r  and se len ium l e v e l s  
i n  s e a w a t e r  and s e l e n i u m  i n  t i s s u e s  were  i n v e s t i g a t e d  and judged n o t  f e a s i b l e  
i n  t h e  t i m e  a l l o t t e d  f o r  t h i s  s t u d y .  
T e s t  Animals. During o u r  June  c r u i s e  (77-KB-4) l a r g e  numbers of e a r l y -  
i n s t a r  j u v e n i l e  c r a b s  were  l o c a t e d  i n  Drekes Bay. Approximately 2,000 o f  
t h e s e  were  c o l l e c t e d  and t r a n s p o r t e d  t o  MCL t o  p r o v i d e  a  s u p p l y  o f  t e s t  
an imals  f o r  our  b i o a s s a y s .  
Communal c u l t u r e s  of c r a b s  e x p e r i e n c e  h i g h  m o r t a l i t y  r a t e s  p r i m a r i l y  due 
t o  cann iba l i sm.  T h e r e f o r e ,  we des igned  and b u i l t  a  sys tem t o  h o l d  over  1 ,000  
j u v e n i l e  c r a b s  i n  i n d i v i d u a l  c e l l s .  The o t h e r s  were p l a c e d  i n  communal 
c u l t u r e s  f o r  a  r e s e r v e  supp ly .  
During t h e  f i r s t  2 months t h e  m o r t a l i t y  r a t e  was a b o u t  6% i n  t h e  i n d i -  
v i d u a l  c e l l s ;  most o f  t h e  c r a b s  had mol ted t w i c e  and m o r t a l i t y  c o n t i n u e d  t o  
be r e l a t i v e l y  low. By comparison, i n  a  sma l l  communal c u l t u r e  be ing  moni- 
to red  f o r  c rab  s u r v i v a l ,  47% m o r t a l i t y  occurred through the  f i r s t  mol t ,  most 
of  which was due t o  cannibal ism.  
Records a r e  kept  on t ime of molt ing i n  t h e  i n d i v i d u a l  c e l l s  f o r  i nd ica -  
t i o n  of i n t e rmol t  s t a g e  when s e l e c t i n g  c r a b s  f o r  bioassays.  
Bioassays. Cadmiurn was chosen a s  t h e  f i r s t  t r a c e  element t o  b e  t e s t e d .  
- 
A smal l - sca le ,  range-f inding,  s t a t i c  b ioassay  was conducted pre l iminary  t o  a 
f u l l - s c a l e ,  flow--through, acu te  bioassay.  Four c r abs  were exposed t o  each of 
f o u r  concen t r a t ions  of cadmium i n  seawater  cover ing  a thousand-fold range 
(0.1 t o  100 mg/l).  A c o n t r o l  group of f o u r  c r abs  was maintained i n  labora-  
t o r y  seawater .  So lu t ions  were rep laced  every 24  h r .  Crabs su rv iv ing  96 h r  
i n  t e s t  concent ra t ions  were maintained an a d d i t i o n a l  72 h r  i n  l a b o r a t o r y  sea-  
water  t o  d e t e c t  any delayed m o r t a l i t y .  
A l l  c r abs  exposed t o  t h e  h i g h e s t  concen t r a t ion  of cadmium (100 mg/l) 
were dead a t  the  end of 24 h r .  Half of t h e  c r abs  i n  t h e  10 mg/l s o l u t i o n  
surv ived  96 h r .  A l l  of t h e  c r abs  exposed t o  lower concen t r a t ions  surv ived  96 
h r  i n  t h e  cadmium s o l u t i o n s  and an  a d d i t i o n a l  72-hr per iod  i n  seawater .  There 
was no m o r t a l i t y  among t h e  c o n t r o l  c rabs .  A 1 1  c r abs  used i n  t h e  t e s t  have 
been f rozen  and t i s s u e  l e v e l s  of cadmium w i l l  be  determined. 
From t h e  range-f inding b ioassay  i t  appears  t h e  96-hr LC f o r  j u v e n i l e  50 
Dungeness c r abs  i s  i n  t h e  neighborhood of 10 mg/l of cadmium i n  seawater .  
Fu l l - s ca l e ,  flow-through bioassnys a r e  i n  p r e p a r a t i o n  which w i l l  use  t h i s  
- value  a s  a  mid-point. Toward t h i s  end, a  p r o p o r t i o n a l  dilu-tler has  been in -  
s t a l l e d  a t  MBL wi th  which we w i l l  be  a b l e  t o  ho ld  20 c rabs  i n  each of  f i v e  
- concen t r a t ions  of t o x i c a n t s  p l u s  a seawater  c o n t r o l .  
Appropriate methods to determine levels of silver and selenium in sea- 
water and selenium in crab tissues are under investigation. As these problems 
are resolved we plan to conduct bioassays to test the effects of silver and 
selenium on juvenile crabs. 
Petroleum Hydrocarbons 
-- 
Work continued at the Naval Biosciences Laboratory, University of 
California, Berkeley, on determinations of petroleum hydrocarbon tissue 
burdens in Oungeness crabs. Samples of small juvenile crabs from Humboldt 
Bay and from San Francisco Bay were submitted for analysis. Higher levels 
of hydrocarbons were found in the small juveniles from Humboldt Play than ir, 
those from San Francisco Bay. This was in contrast to previous work with 
large juveniles and adults, which showed higher hydrocarbon levels in 
San Francisco area crabs (Orcutt et al. 1976). 
Direct comparisons of crabs of different size within an area are diffi- 
cult because small juveniles were analyzed as whole organisms whereas the 
larger crabs were dissected and muscle and hepatopancrcas tissues analyzed 
separately. However, the findings of low levels of hydrocarbons in small 
San Francisco juveniles and higher levels in large juveniles and adults 
suggest that San Francisco Bay crabs are acquiri-ng large hydrocarbon burdens 
while they grow. 
Further research is required to identify specific hydrocarbon contami- 
nants and their potential effects on the physiology of the crabs. 
Proposals for Additional. Research 
Early in the program, several areas of research on environmental toxi- 
cants were identified which required additional funding, expertise, and 
f a c i l i t i e s  beyond those  a v a i l a b l e  t o  t h e  p r o j e c t .  The primary concerns 
were f o r  research  on e f f e c t s  of c h l o r i n e - t r e a t 4  was t e -e f f luen t s  on j u v e n i l e  
Dungeness c r abs ,  e f f e c t s  of petroleum hydrocarbons on c rabs ,  and t o x i c  t r a c e  
elements i n  crab t i  ssues.  
Persons and agencies  wi th  e x p e r t i s e  and f a c i l i t i e s  i n  t h e s e  a r e a s  were 
contac ted  and va r ious  sources  of funding were explored.  A sma l l  amount of 
c o n t r a c t  funds from t h e  Dungeness Crab Research Program provided f o r  t h e  
pre l iminary  work on p e t r o l ~ u n l  hydrocarbons r epo r t ed  i n  the previous  sec- 
t i o n .  A c o n t r a c t  wi th  the  S t a t e  b'ater Resources Control  Board provided f o r  
some pre l iminary  work on tox ic  t r a c e  e l e ~ e n t s .  Tn coopera t ion  wi th  U . C .  
Berkeley 's  San i t a ry  Engineering Research Laboratory (SERi,) w e  sought o u t s i d e  
funding f o r  research  on ch lo r ine - t r ea t ed  was te-ef f luents .  
The r txo rd  crab l a n d i ~ l g s  i n  no r the rn  C a l i f o r n i a  -during t h e  1975-76 and 
1976-77 seasons generated more c rab  t a x  funds than  a n t i c i p a t e d .  This  made 
i t  f e a s i b l e  t o  cons ider  Sunding these  s tucl ics  by t h e  Department. I n  1 ~ t e  
* 
Noven~ber 1977, proposa ls  f o r  t h e s e  s r u d i e s  were approved f o r  Departmental 
funding f o r  Fiscal.  Year 1378-79. Although t h i s  i s  r a t h e r  l a t e  i n  t h e  program, 
some information should bc  a v a i l a b l e  f o r  t h e  September 1979 r e p o r t  t o  t h e  
L e g i s l a t u r e .  
The fol lowing s t u d i e s  were approved f o r  Departmental funding: 
,-. E f f e c t s  of ch lo r ine - t r ea t ed  waste  e f f l u e n t s  on j u v e n i l e  Dungeness 
c rabs .  
2. I d e n t i f i c a t i o n  of major petroleum hydrocarbon contaminants i n  
San Francisco a r e a  Dungeness c rabs .  
3 .  Addi t iona l  experiments on t h e  e f f e c t s  of t o x i c  t r a c e  elements  on 
j u v e n i l e  Dungeness crabs.  
MARINE CULTURE LABORATORY CRAB STUDIES 
by 
6 / 7/  E a r l  E. Ebert- and Paul  N. Re i l l y -  
Major e f f o r t  a t  t h e  Marine Cul ture  Laboratory (MCL) cont inued on devel- 
opme.nt of small-scale ,  mass-rearing techniques.  A s a t i s f a c t o r y  method t o  
c u l t i v a t e  zoea l  s t a g e s  of crab l a r v a e  was developed. The ref inement  of 
s a t i s f a c t o r y  methods f o r  c u l t i v a t i o n  of c rab  megalopae and p o s t - l a r v a l  
i n s t a r s  was margina l ly  succes s fu l .  Limited manpower a t  c r i t i c a l  t imes pre-  
c luded t h e  s e t t i n g  up f o r ,  and performance o f ,  planned t e s t  t r i a l s .  
Unresol-ved crab  c u l t u r e  probl-ems inc lude  occas iona l  funga l  i n f e c t i o n ,  
zoea l  sp ine  breakage,  and l a r v a l  s t u n t i n g  (1.aboratory c u l t u r e d  megalopae a r e  
sma l l e r  than those  i n  w i ld  popul-at ions) .  
Cul ture  Systems 
The zoea l  s t a g e  c u l t u r e  system c o n s i s t s  of double p l a s t i - c  con ta ine r s ,  
one enclosed w i t h i n  t h e  o t h e r .  Larvae a r e  r ea red  i n  t h e  i n n e r ,  scrcened- 
bottom con ta ine r ,  while  t h e  o u t e r  con ta ine r  main ta ins  water  l e v e l  and 
passage from the  system. Water flows i n  a  c i r c u l a r ,  downward pa th  through 
the  l a r v a l  r e a r i n g  con ta ine r ,  and e x i t s  through po r tho le s  l oca t ed  irnmedi- 
a t e l y  beneath t h e  sc reen ing  and around the  per imeter  of t h e  l a r v a e  con- 
t a i n e r .  Water e x i t s  from the  surrounding o u t e r  c o n t a i n e r  a t  t h e  top  and 
bottom through i r i i ~ e r  connected d r a i n  p ipes .  The l a r v a e  con ta ine r  has  a  
capac i ty  of 7.9 l i t e r  ( 2  g a l ) .  
Two b a s i c  c u l t u r e  methods (communal and compartrncnted), and t h r e e  sub- 
s t r a t e s  (sand, a s t r o t u r f ,  and pe r fo ra t ed  s t y r e n e ) ,  were t e s t e d  wi th  
6 /  Operat ions Research Branch, Marine Cul ture  Laboratory,  Granite. Canyon, 
- 
FIonterey, CA. 93940 
7 /  Operat ions Research Branch, 411 Burgess D r . ,  hienlo Park,  CA. 94025 
- 
megalopae. Communal c u l t u r e s  were sznd o r  a s t r o t u r f ,  wh i l e  compartmented 
c u l t u r e s  were sand o r  p e r f o r a t e d  s t y r e n e  s u b s t r a t e s .  
Tes t  T r i a l s  
Standard c u l t u r e  techniques  were e s t a b l i s h e d  f o r  zoea l  c u l t u r e  exper i -  
ments,  l a r g e l y  based on previoiis exper imenta t ion ,  t-hen s e l e c t e d  parameters  
were v a r i e d  and t h e  e f f e c t  measured. Standard techniques  were: ( i )  one 
zoea p e r  10 m l  of  water  volume; ( i i )  a  t empera ture  of 1 4  C $. 1 C (57.2 F f 
1.8 F ) ;  ( i i i )  5 t o  10 b r i n e  shrimp n a u p l i i  pe r  m l  of c u l t u r e  volume; 
( i v )  a  water  f low r a t e  01 0.5 t o  0.8 l i t e r  (0.5 t o  0.9 q i ia r t )  p e r  min; 
(v)  a  photoperiod of 9 h r ;  and ( v i )  water  f i l t r a t i o n  of 3 microns.  
V a r i a t i o n s  of t h e  s t anda rd  c u l t u r e  techniques  included:  ( i )  doubl ing  
t h e  d e n s i t y  t o  one zoeae pe r  5 m l ;  ( i i )  an  e l e v a t e d  teIuperafure c u l t u r e  of 
17 C (63 F);  ( i i i )  two d i f f e r e n t  water  f i l t r a t i o n  l e v e l s  ( 1  micron and 15  
microns) ;  and ( iv )  a cont inuous 24-hr photoperiod.  
I i  t o t a l  of n ine  t e s t  t r i a l s  was completed i n  d u p l i c a t e  w i th  z o e a l  s t a g e  
l a rvae .  T h e  fungus L a g e n i d i w  sp.  appeared i n  t h r e e  o f  n i n e  c u l t u r e s  r e s u l t -  
i n  an i n f e c t i o n  i n  t h e  l a r v a e  and subsequent  m o r t a l i t y .  Su rv iva l  i n  
t h e  fungus i n f e c t e d  c u l t u r e s  t o  t h e  megalopal s t a g e  ranged from 0 t o  24.8%, 
and averaged about 12%. Larva l  s u r v i v a l  i n  non-fungal c u l t u r e s  t o  t h e  
megalopal s t a g e  averaged about 40% and ranged from 16.4 t o  80.6%. 
Larva l  s u r v i v a l  t o  t h e  megalopal s t a g e  i n  t h e  h igh  d e n s i t y  c u l t u r e s  
(one p e r  5 ml) compared f avo rab ly  w i th  t hose  of  s tandard  d e n s i t y  (one p e r  
10 ml ) ,  i n  t h e  absence of  Lagenidiwn sp . ,  through zoea l  s t a g e  I V .  However, 
a  sha rp  m o r t a l i t y  i n c r e a s e  occur red  between zoea l  s t a g e s  I V  and V. 
Best s u r v i v a l  t o  t h e  megalopal s t a g e ,  averag ing  73.8%, occur red  a t  an 
e l eva t ed  temperature  of  17  C (63 F). 
Zoeal s t a g e  development r a t e s  i n  t h e  s t anda rd  temperature  c u l t u r e s  were 
f a i r l y  uniform; however, zoeae took s i g n i f i c a n t l y  less t ime t o  ach ieve  t h e  
megalopal s t a g e  i n  t h e  e l e v a t e d  temperature  c u l t u r e .  Zoeae r e q u i r e d  from 
45 t o  49 days,  averag ing  46,  i n  t h e  s t anda rd  temperature  c u l t u r e s  t o  reach  
t h e  megalopal s t a g e .  In c o n t r a s t ,  they  took only  32 days (14 days l e s s )  a t  
an  e l e v a t e d  temperature  t o  a t t a i n  t h e  megalopal s t a g e .  
A l l  t h r e e  water  f i l t r a t i o n  l e v e l s  ( 1  ym, 3 pm and 15  l lm)  r e s u l t e d  i n  
f a i r  t o  good c u l t u r e  success .  Larva l  s u r v i v a l  was s l i g h t l y  b e t t e r  i n  t h e  
1 pm f i l t e r e d  wa te r  when compared t o  t h e  3 ym f i l t e r e d  water .  T h e  1 5  pm 
f i l t e r e d  wa te r  could  n o t  be  compared because o t h e r  c u l t u r e  parameters  
( tempera ture ,  photoperiod,  and c u l t u r e  s c r een  s i z e )  d i f f e r e d  a t  t h i s  f i l t r a -  
t i o n  l e v e l .  
A cont inuous ,  24-hr photoperiod,  when compared t o  a 9-hr photoper iod ,  
d i s c l o s e d  no d i s c e r n i b l e  d i f f e r e n c e s  f o r  larval .  deve lop~iwnta l  r a t e s ,  sur-  
v i v a l ,  o r  fo rage  requi rements .  
The average number of b r i n e  shrimp n a u p l i i  used pe r  zoea, by s t e g e ,  was 
c a l c u l a t e d  t o  be: Stage I - 13.0; I1 - 21.1; I11 - 30.0; I V  - 36.2; and 
V - 66.0. 
Cul tured  zoeae and megalopae were v i s i b l y  sma l l e r  than  t h e i r  w i ld  popu- 
l a t i o n  c o u n t e r p a r t s  (Table 6 ) .  Measurencnts were made of l a b o r a t o r y - r e a ~ e d  
l a r v a e  and compared wi th  those  of  f i e ld -cap tu red  specimens. A s t eady  
d e c l i n e  was no ted  i n  t h e  r a t i o  of mean s i z e s  of l abo ra to ry - r ea red  t o  f i e l d -  
cap tured  l a r v a e  w i t h  each succes s ive  s t a g e ;  megalopae from FICL were on ly  69  
t o  75% a s  l a r g e  a s  t hose  from t h e  wi ld  popula t ion .  I n  some i n s t a n c e s  cu l -  
t u r ed  megalopae appeared t o  be i n  a weakened cond i t i on  immediately a f t e r  
TABLE 6 .  S i z e s  o f  Laboratory-Reared and F ie ld -Captured  Cancer mayister 
Larvae.  
Type o f  
- 
l a r v a e  
--- 
l a r v a e  
- 
R a t i o  
L a r v a l  measure- L ,O.  F?enn Range No. ? ! ~ n n  Range o f  nieans- \- 
S t a E  
- 
nient* nca ,qured  (null) (rim) rr.ensurcd (mm) (mm) l a b / f  i e l d  
--- ---  ---- 
zoea I A 34 2.05 1.91- 2 0 2.06 1.96- 1 .00  
2.16 2.18 
D 
zoea I1 A 
D 
zoea :I11 A 
D 
zoea 'IV A 
D 
zoea V A 
D 
megalopa L  
W 
D 
* D e f i n i t i o n  of measurements: A - d i s t a n c e  from t i p  o f  d o r s a l  s p i n e  t o  t i p  
o f  r o s t r a 1  s p i n e ;  D - d i s t a n c e  between o u t e r  edges  of eyes a c r o s s  t h e ' c a r a -  
pace ;  L - d i s t a n c e  from back o f  c a r a p a c e  ( e x c l u d i n g  d o r s a l  s p i n e )  t o  t i p  o f  
r o s t r a 1  s p i n e ;  W - g r e a t e s t  w i d t h  of c a r a p a c e .  
achiev ing  t h i s  s t a g e .  The i r  s u r v i v a l  i n  t h e  communal c u l t u r e s  was poor over- 
a l l  b u t  was l i k e l y  a r e s u l t  of s e v e r a l  f a c t o r s  t h a t  inc luded  i n s u f f i c i e n t  
manpower f o r  p roper  exper imenta l  set-up and maintenance, i n a b i l i t y  t o  con- 
t r o l  wa te r  temperature ,  and i n s u f f i c i e n t  cu r ing  t i m e  f o r  t h e  c u l t u r e  tanks  
p r i o r  t o  t h e i r  be ing  s tocked wi th  megalopae. Resu l t s  were t o o  incomplete  
f o r  p roper  a n a l y s i s ,  b u t  f u r t h e r  t e s t i n g  i s  a n t i c i p a t e d .  
I n  c o n t r a s t  t o  t h e  comuna l  c u l t u r e  experiments ,  r e s u l t s  of t h e  com- 
partmented c u l t u r e s  were very  encouraging. A t o t a l  of 216 megalopae were 
c u l t u r e d  on pe r fo ra t ed  s t y r e n e  s u b s t r a t e s ,  and 178 (82.4%) of t h e s e  sur -  
vived t o  t h e  f t r s t  c rab  i n s t a r .  Only 26 megalopae were c u l t u r e d  on sand 
s u b s t r a t e  conpartments,  b u t  23 (88.5%) of t h e s e  surv ived  t o  t h e  f i r s t  crab 
i n s t a r .  
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